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PREFACE
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Suite 2, Tyndall Air Force Base, FL 32403-5323 for contract numbers F08635-93-C0020, SSG
Subtask 8.05 and F08637-98-C6002 SSG Subtask 32.03S.

This final report describes a project to compare the performance of direct push
monitoring wells with that of conventionally-installed wells for long-term groundwater
monitoring of corrective action sites.

The authors wish to acknowledge the technical and logistical support of Tom Best of
Hanscom AFB, USAF 66 SPTG/CEVR and of the technical support of the Environmental
Protection Agency Region 1 and the Air Force Center for Environmental Excellence.

The work was performed between August 1996 and February 2000. The AFRL/MLQL
project officers were Mr. Bruce Nielsen, 1Lt Debbie Davis, and 1Lt Gina Graziano.
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EXECUTIVE SUMMARY

Beginning late in 1996, the Air Force Research Laboratory undertook the first phase of a
long-term program to compare the performance of direct push monitoring wells with that of
conventionally-installed wells for long-term groundwater monitoring of corrective action sites.
On average, long term monitoring accounts for nearly a third of the life cycle cost of corrective
action. Wells emplaced using direct push technology have been shown to be less costly to install
than conventional, auger-drilled wells. However, their use for long-term monitoring does not yet
enjoy widespread regulatory acceptance.

The goals of the project reported here were to (a) emplace 40 or more direct push wells in
proximity to, and paired with, conventional auger-drilled wells at an Air Force corrective action
site, matching well construction details as closely as practical, (b) to collect and analyze samples
from both well types in the matched pairs on two separate occasions for laboratory analysis of
volatile organic chemicals (VOCs) in groundwater, and (c) to determine whether any statistically
significant difference in the outcome of the VOC analyses resulted from the difference in
installation method of the wells.

Sites at Hanscom Air Force Base (AFB) and Hanscom Field were selected as the
locations at which to conduct the study. A comprehensive Work Plan was prepared and received
the approval of the Air Force Center for Engineering Excellence (AFCEE) and state
(Massachusetts) and federal (US Environmental Protection Agency, Region 1) regulators. The
Work Plan included protocols for well installation, sampling, chemical analysis, and statistical
comparisons, as well as a site specific Health and Safety Plan (HASP) and Quality Assurance
Project Plan (QAPP).

Sixty-four existing conventional monitoring wells were selected as candidates with which
to compare the performance of direct pushed wells. Direct pushed wells were successfully
installed adjacent to 43 of these existing wells, creating the same number of matched pairs.
Screen lengths and elevations of screened intervals, as well as well diameter, were matched as
closely as possible in all pairs. However, screen slot sizes were allowed to vary in some cases, as
was the schedule (or duty) of PVC riser used, due to the unique demands of direct push
installation. Wells were installed to depths as shallow as 13 feet and as great as 65 feet.

Two rounds of sampling and analysis were successfully completed between March 1997
and April 1999, adhering strictly to a low-flow sampling protocol and evaluating a suite of ten
volatile organic analytes. Paired data statistical tests were used to compare the performance of
the two well types because of their ability to neutralize the influence of extraneous factors (e.g.,
location of the well pair within the contaminant plume, location with regard to local variation in
the hydrogeology, length and depth of the screened interval, etc.) which may vary from pair to
pair but are assumed to have the same influence within each pair.

Statistical testing was conducted on the differences of paired observations of analyte
concentration, as well as on differences in water quality parameters measured during purging of
the wells for sample collection. In the cases where the distribution of differences (or differences
of log values) was found to be normally distributed by application of the Shapiro-Wilk W test,
the Student’s t test was applied to the data set to test the null hypothesis that the mean of
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differences was equal to zero. For cases in which the paired difference data were found to be
non-normally distributed, the Sign Test and Wilcoxen Signed Rank Test, non-parametric
equivalents to the paired data Student’s t test, were applied.

Volatile organic analytes included in the comparison consisted of trichloroethene, cis-1,2-
dichloroethene, trans-1,2-dichloroethene, vinyl chloride, 1,1-dichloroethane, benzene, toluene, o-
xylene, and 1,4-dichlorobenzene. Water quality parameters consisted of temperature, specific
conductivity, dissolved oxygen, pH, and turbidity.

With only one exception among all analytes and water quality parameters for which
results were compared, the results showed that no statistically significant difference between the
performance of the two well types could be discerned. The exception applied to the analytical
results for toluene obtained from the first round of sampling. This finding for toluene was not
reproduced in the second round results.

The findings provide support for the use of direct push monitoring wells for long-term
monitoring of corrective action. However, the support is limited to the selected volatile organic
analytes, water quality parameters, and physical well configurations included in the study, as well
as to the range of hydrogeologic conditions encountered at the study field site. It is hoped that a
subsequent phase of the program will be undertaken, allowing an expanded set of analytes,
additional direct-push well styles, and more hydrogeologic conditions to be examined and
evaluated based on additional sampling rounds.

02/22/01 v Page vi Final Report




TABLE OF CONTENTS

Section Page
EXECUTIVE SUMMARY ' A"
SECTION I INTRODUCTION 1
A, OBJIECTIVES..euttieieroerereseresesssssssesesesseressasssssssssnsassssassesesssstssssesanssssssssssssassssbessssssssnssenesesssstassisnsnsnsssssssssssssessatsssses 1
B.  BACKGROUND.....veiesvueeeeeeesseeesssressseerassssssssossassrssesmaessssssssaasessstssossesorsmesssstsssssastsssssesssnsssssssasssatesassrassreosstssosses 1

. RAEIONALE.e..neeeeeeeeeeseeesreeeesesessssssssssesesasssssssssssessesssbsssssasesessessssssseratenenssesesssssossssssssssssssssnnnnssanesssesesssnssnonsatasass 1

2. CONE Penetration TESHNG ......cuvevuensecrecerisisisissisessssiisiisissesssessssssssssasesassssosssossseresesstatasassrsnssssssistssssssssnnns 2

3. CPT for Site CRATACIETIZALION .....vuvvnenereirirvnisserensieisisisssss s sssssessesesssasattsbes s e nss sressassssns s s sasstsastssasansanes 2

£, APPROACH ..utvetranerersescsssssssessssessesssssssssssssnssassasssssnssssssnnsesssssssssasssesesssssssssssnossuesssssnesaessnassssssstossresssssssssanssansrovesse 3
D, PROJECT SCOPE ...eeeierereretessseessreseesssissssessssossssesssssesssesssnsesessasesssossssssesstossanessersnssssssssssnnerasssssessnessnsessssssssstsssnse 3
SECTION II TEST DESCRIPTION 5
A, PROJECT PLANNING v.cvvuteritmertseersseessseesesssersssssssssssessenssssnsrnersssssssssssssssssssasssrsssnsssssssssarsonsiosstsstsssnosssnsssssssssenisasnes 5
B.  SITE DESCRIPTION ..ec.uvevetirreessteesssessesssessesassessssssesssesssassssessesssssoncesstossessassssstssssssssnesasessssssssssssnasssassasssnsessssssssns 5

Lo BACKGTOUNA.c...oneaeenncriniisirisstriinsteesiseresss st st s s bt bbb s s bbb s et s 5

2. HYArogeologic SEting .........uuvuveiicriviiviniieeiesnisisistssssnnstsassssessseststst sttt st sb ettt su s snsuensenes 7

C.  SITE SELECTION ..eeeceveeeererersssesesessesssssssrssssssessssssssesassesssssssssesessetsssesssosssesssssssisssessssssssssnsssssasssssnessssnesesstssssesssness 7

1. CONVENLIONAL Wl SCLECIION «...cooconvevereniveeierrrereersesiesiseneressssssssssssesesisssssssisisssssssesissessssasssasossnassssosssssssesnns 8

D. DIRECT PUSH MONITORING WELLS .....eveivreieteesueesesearereesassessaasessssssosstesessnssssssssossnasessssssssassssssassssasssssasssssssss 11

1. LOCAEION QA PUACEIMENE ....ooveeveeveevirrveirveeiresssesseessseaseassassssssseesaressassssesestsssssssssesssesssssssansonssaisassssssssssassssass 11

2. CONSIIUCHION DELAILS «.eveveeeeeerreererieeessessissestesesssssserassaseasassanseesesasessesssssssntsssassassastsesissssasessssssasssassossssssones 11

3. INSEALIGEION PFOCEAUIE o..en.eeeeeeessreverereriressrseesesissesssssssseesasstossssssstessrssssstesssessssssesssssssasessesssnnessssssssssssssnnes 12

4. Well DEVEIOPIENL c....coeereeeeeenencneenessisisisss st st sa s s s st st s s S SE ebeb bsnns sstes 13

E.  SAMPLING AND ANALYSIS ..oeetiiiiteeissserreresssessessneerssssssssossssseesossssesssassssssssssssnsssasassnsssasssssssasstssossissesssssassssssssnas 14

1. Groundwater SAMPLING........ oottt sttt sttt s ettt 14

20 ARGIYHCAL CREMUSITY.....oeccnririniniirininiisiisess st s s s b s s s bbb st 16
SECTION IV TEST RESULTS 19
A. WELL INSTALLATION AND DEVELOPMENT .....cccccttiriereineerereesssresesanssssuesosstesssssassssasssssssssssnassosenssesssssssssssssenssass 19
B.  SAMPLING AND ANALYSIS ...covvieviirrisivesseersressessseessasssessasessessssosssessssssssssasssssessssssasssssssrssssanasssssssssssssossassssssnsans 22
€. STATISTICAL ANALYSIS ..eccuvierteirreiriessiissessssessessssssasssssssesssssssesssesestessssssssssssssssasssessssanssasessessntesssssossssnsosassssesss 24

I POEAMEITIC TOSIS eoevereeveeeerereressereeiesesssessssssresessasasesssssessasassesssssssnessssssasessssssstansssssssntessesssssnteesiosossesssssonesiesns 24

2. NON-PArAmMeEtriC STALISTICS coooveerereerivveeesssrerississseesasssssasssssessssssseeesssseressssssssssssssssisssnssaserssasserasosssssssssssessessane 27
SECTION V CONCLUSIONS & RECOMENDATIONS 31
A, WELL COMPARISON ..c.teureeieressessrsseeseressosssssrsassssessssssssssasssssessassssnssistssssssssessnsssnssassarssnesssssssssstesssessssssesssnsseens 31
B.  WELL COST..ooioveeeeeeeteeeceesseseseseeessesssessssestesssssssssssessseesssssasssssssessssasssesssesestsssstssstorssssssssssanesssasssassssssssasassssases 32
REFERENCES 33

02/22/01 Page vii Final Report




Figure 1.
Figure 2.

Figure 3.

Figure 4.

Table 1

Table 2

Table 3.
Table 4.
Table 5.
Table 6.
Table 7.

Table 8.
Table 9.

Table 10.
Table 11.

Table 12.

Table 13.

LIST OF FIGURES

Hanscom AFB and Hanscom Field test site 10Cations. .......eeeevviieeieenienenniininincniinincintinionnses 6
Map of Sites 1 & 2 showing the locations of conventionally installed monitoring wells. Direct push
installed monitoring wells were installed within 5 to 10 feet of the conventionally installed wells. ........... 9
Map of Site 21 showing the locations of conventionally installed monitoring wells. Direct push installed
monitoring wells were installed within 5 to 10 feet of the conventionally installed wells. ........c.cccecueenen. 10
Schematic of 2-inch diameter PVC well installation with Cone Penetration Technique (CPT)................ 12
LIST OF TABLES
Well installation summary showing all candidate locations and which locations were selected for well
INISEALTALION. 1.veuveerereetesrereneeseerestsressecesestaessesssnestestsbestesesasssaabeseshssbasaas e st astesssaaentasesassusosssntosetitsatsssnrensets 20
Well CORStrUCHON DELAILS .. cveverireereerreitrieerenierre et orseas e bttt s s sn s nes e ssssansasasntonen 21
Summary of results of VOC analyses from the first sampling round. .......oocemviiimiineiinniininenes 23
Summary of results of VOC analyses from the second sampling round............ccevirmncisisnieneininncinnns 23
Results of Shapiro-Wilk W test of normality applied to differences of paired observations of VOC results
£TOM the tWO WEIL LYPES. c.cveeveeeecrrreeriririiserersirssetsesenes st s s sa s ese st s s s bse st s s a bbb s st naen 25
Results of Shapiro-Wilk W test of normality applied to differences of paired observations of water quality
parameters from the tWO WEll tYPES.......coerirriiieiinirirsisisice s 26
Results of Student’s t test on paired differences of analytical results for toluene and trichloroethene from
ROUIA 2ueveineiieeererietenerreseneesesesessesesssessssesessentesesorsessstssssssessssssnenssssssrasassassstssenesassnsmesetssisissssestsnssenssnses 27
Results of Sign Test performed on VOC analyses from first round of sampling. ......cccecvnireurininicininnse 28
Results of Sign Test performed on VOC analyses from second round of sampling........cc.cecuevuvinineinnennn. 28
Results of Sign Test performed on water quality parameters from second round(s) of sampling. ........... 28
Results of Wilcoxen Signed Rank Test performed on results of VOC analyses from first round of
SAMPIIIEZ. 1overvevevetererererecatier ettt oo b e s e b e s b s b s et a e RS e R e s bt BE SRS ESE LU e R bR e R e RS h e R s b s b s e s h bttt s e 0s 29
Results of Wilcoxen Signed Rank Test performed on results of VOC analyses from second round of
SAIMPLINIZ. 1.cvvueeeneeeecrererirersniee st et s s b bbb s a ettt bR S RS E s s ReRsesus 30
Results of Wilcoxen Signed Rank Test performed on water quality parameters from second round(s) of
SAMPIINE. cvvvrrerecreiiereretiritii it b e s e bbb s bbb bR b RS e 30
LIST OF APPENDICES

APPENDIX A: WORK PLAN

APPENDIX B: CPT PROFILES

APPENDIX C: WELL CONSTRUCTION LOGS
APPENDIX D: WELL DEVELOPMENT LOGS
APPENDIX E: FIELD SAMPLING LOGS

APPENDIX F: LABORATORY ANALYTICAL RESULTS

02/22/01

Page viii Final Report




SECTION 1

INTRODUCTION

A. OBJECTIVES

In an effort to reduce the cost of characterization and long term monitoring at hazardous
waste sites, cone penetrometer testing (CPT) methods and other direct push technologies (DPT)
are increasingly being used to install groundwater monitoring wells faster and less expensively
than by conventional methods. A long-term program is envisioned to validate the long-term
performance of direct push installed wells (DPWs) so that they may become fully accepted for
long-term monitoring by EPA, other regulators, and groundwater professionals. The project
reported here, entitled Direct Push Monitoring Point Assessment, undertook the first phase of the
long-term program.

The specific objectives of the project were to: (1) use CPT, a direct push technology, to
install wells alongside conventional monitoring wells (CMWs), (2) collect and analyze
groundwater samples from the conventional and direct push installed well pairs as a means to
begin the validation of direct push installed wells for long term regulatory monitoring, and (3)
conduct a statistical comparison of the results obtained to evaluate the performance of direct-
pushed wells against the accepted baseline of auger-drilled wells for long-term monitoring.

One caveat in the study is notable. Comparing contaminant analytical results of
groundwater sampling from direct push installed wells (DPWs) to those from conventionally
installed auger drilled wells (CMWs) with the intent to determine their validity implies that the
CMWs produce empirically, or absolutely accurate monitoring results. In reality, there is no
universally accepted standard monitoring well or sampling method that produces absolutely
accurate representation of the groundwater. This is important because in this study we are not
measuring the accuracy with which samples from DPWs are representative of the groundwater,
we are only determining whether DPWs produce the same results, statistically, as CMWs.

B. BACKGROUND

1. Rationale

Installing monitoring wells by conventional methods is typically a time consuming and
costly component of site characterization and monitoring. It is becoming widely recognized that
direct push installation technologies are less costly than conventional approaches to well
installation. Direct push technologies have been used for several years for installing monitoring
points, which have mainly been used for water level determinations or to collect one-time
samples during initial site characterization. However, due to a lack of validation data, direct
push installation techniques have not been widely used and are not yet widely accepted for use in
long-term monitoring programs. This project reported here was conducted to evaluate the
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performance of DPT-installed wells for long-term monitoring of volatile organic compounds
(VOCs) in groundwater. It was not conducted as a cost comparison study.

2. Cone Penetration Testing

Among the most developed of direct push technologies is cone penetrometer testing
(CPT). CPT originated in the Netherlands about 1934 for geotechnical site investigations. The
first cones were used to perform mechanical measurements of the penetration resistance on a
conical tip at the end of a series of hollow, cylindrical rods (a "rod string") that were quasi-
statically "pushed" into the subsurface using the weight of a truck. A friction sleeve was added
to the cone in 1965 (Begemann, 1965). Electronic measurements replaced mechanical
measurements in 1948 and were further improved in 1971 (de Reister, 1971). Pore pressure
probes were introduced in 1975 (Torstensson, 1975 and Wissa et al., 1975), initially as
independent sensors, but were soon incorporated as part of "standard" CPT instrumentation. The
modern electronic CPT probe contains the primary geotechnical sensors for tip stress, sleeve
friction, and pore pressure along with a wide range of options such as an inclinometer to measure
the tilt of the probe, resistivity, soil moisture, pH as well as other physical and chemical
parameters. The standard cone is used widely in Europe for geotechnical investigations due to
the soft nature of many of the European soils. In the United States, significant efforts have been
made to develop larger, more robust CPT probes suitable for use in the stiffer United States soils
(especially in the western states). Major components of a complete CPT system are the
instrumented probe and rod string, the data acquisition and control unit, the hydraulic push
apparatus, and the vehicle on which the system is mounted. The common configuration provides
the reaction mass for a hydraulic push force of about 20 tons (18,000 kg). Standard procedures
for geotechnical application of the cone penetration test were established by the American
Society of Testing and Materials in 1986. This standard applies to probes of 1.44 in or 1.75 in
(3.658 cm or 4.445 cm) diameter.

3. CPT for Site Characterization

Using the cone penetrometer for environmental site characterization represents a
relatively recent application of the technology. Due primarily to the high cost of drilling at their
contaminant sites, both the Department of Defense (DOD) and Department of Energy (DOE)
have supported programs to develop advanced chemical sensors and sampling methods for CPT
(Bratton, et al., 1993; Gildea, et al., 1995; Montgomery, et al., 1996; Farrington and Bratton,
1997) as a means to reduce site characterization expenses. Significant advantages of CPT for site
characterization include:

e Eliminating drilling wastes and the need for treatment and disposal of drill spoils as
hazardous material;

e Providing continuous data on the subsurface stratigraphy in real time;
e Identifying thin layers of significantly different hydraulic conductivity;

e Eliminating the possibility of the crew being exposed to the potentially hazardous
material;
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¢ Reducing the possibility of cross-contamination (by pressure grouting the hole as the
probe is withdrawn); and

e Speed, when compared to conventional drilling and sampling.

CPT is an excellent platform for making continuous measurements through the depths of
contaminated soils. In addition, CPT is useful for pushing monitoring sensors into the
subsurface, for installing monitoring wells and points, and for taking gas, water, or soil samples
for environmental testing.

As mentioned previously, direct push technologies have been used to reduce the cost of
monitoring well installation. The wells used in this study differ from conventionally installed
wells in that they don’t have a sand pack around the screen area.

C. APPROACH

The Direct Push Monitoring Point Assessment project was devised to meet the objective
of assessing and validating the performance of direct push installed wells (DPWs) for long-term
monitoring of groundwater. This experimental program has been designed to determine if DPWs
provide groundwater samples comparable to those provided by wells installed by conventional
methods.

D. PROJECT SCOPE

The first step under the program was to use CPT to install a series of monitoring wells
adjacent to well-characterized, conventionally installed wells. This approach allows data
collected from each direct push well (e.g., chemical contaminant concentrations and water
quality parameters) to be directly compared against data collected at the same time from its
proximate conventional "paired" well with minimal impact from environmental variables
(seasonal factors, hydraulic gradient, bioactivity, etc.). Another important element of our
approach is to match the CPT-installed monitoring well physical characteristics (e.g., casing
diameter, screen depth and length, number of screen slots, casing material, etc.) as closely as
possible to those of the conventionally-installed wells, thereby limiting the comparison to the
installation technique and not the well configuration.

The second major element in the program is a long-term sampling and chemical analysis
program. The program is designed to be conducted over a minimum of 5 years in a series of
"rounds" where both the CPT-installed wells and their corresponding conventional wells are
sampled and analyzed for select VOCs using EPA-accepted procedures. Each round of chemical
constituent concentration data is analyzed statistically against the hypothesis that there is no
difference between the analytical results of samples obtained from CPT-installed well and those
obtained from conventionally installed monitoring wells. The statistical analysis is performed on
proximate well pairs and, if the hypothesis holds true over the duration of the program, will serve
to validate the performance of CPT installed wells.

The project reported here was to undertake the first phase of the overall Direct Push
Monitoring Point Assessment program. Under this project, we have initiated the Direct Push
Monitoring Assessment program at Hanscom Air Force Base and Hanscom Field near Boston,
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MA. CPT monitoring wells have been installed adjacent to conventionally-installed groundwater
monitoring wells at the sites and the first two rounds of sampling and analysis have been
completed. The remainder of this report describes the procedures developed under the program
and presents results for the initial two rounds of validation sampling and analysis. The report
concludes with our recommendations for further rounds of validation testing.
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SECTION I

TEST DESCRIPTION

A. PROJECT PLANNING

The first phase of the experiment consisted of developing a Work Plan. The Work Plan
outlined the purpose of the experiment, field conditions, field methods, analytical methods,
QA/QC procedures and safety. A copy of the Work Plan is included with this report as
Appendix A. To avoid duplication, the elements of the Work Plan are included herein by
reference only.

B. SITE DESCRIPTION

1. Background

The Direct Push Monitoring Point Assessment Program took place at two operable units,
OU-1 and OU-3, of Hanscom Field and Hanscom AFB. Hanscom AFB and Hanscom Field are
situated approximately 14 miles northwest of Boston, Massachusetts, in the towns of Bedford,
Concord and Lincoln. Hanscom Field is a civilian airport currently operated by the
Massachusetts Port Authority (Massport). Hanscom AFB is a military installation located
adjacent to and southeast of the airfield.

Prior to 1974, Hanscom Field was used as a military airport by the Air Force. During this
time, hazardous substances were generated by support operations and disposed of at different
sites on the airfield. In addition, flammable materials were ignited and extinguished during fire
training exercises performed at selected sites on the airfield. These sites, contained in OU-1, are
as follows:

Site 1: Fire Training Area II

Site 2: Paint Waste Disposal Area

Site 3: Jet Fuel Residue/Tank Sludge Disposal Area
Site 5: Fire Training Area L.

To assess potential soil and groundwater contamination associated with these previous
activities, Haley and Aldrich, Inc. (H&A) completed a remedial investigation culminating in a
report (“Installation Restoration Program, Phase IV-A, Remedial Investigation Report for Sites
1-5 of Area 1) dated May 1988. This assessment detected volatile organic compounds in
groundwater in three separate aquifers. In response to these findings, a groundwater treatment
facility was installed at the airfield. The treatment facility consists of three collection trenches
located at Sites 1,2, and 3, and four bedrock interceptor wells located along the northern
Hanscom Field property boundary. Collected groundwater is pumped to an air stripping tower,
treated, and then routed to a drainage ditch, which discharges into the wetlands to the north,
and/or routed to recharge basins at Sites 2 and 3, where it is reintroduced to the groundwater.
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Currently, groundwater is being collected from each of the installed trenches and bedrock
interceptor wells.

Figure 1. Hanscom AFB and Hanscom Field test site locations.
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2. Hydrogeologic Setting

Hanscom Field is located on a flat-lying plain with a general relief of less than 10 ft. over
a distance of approximately 3 miles. This feature is an ancient lake basin that was formed and
subsequently filled in by sediment during the last phase of glaciation in New England. The plain
extends beyond OU-1 to the north and west. To the south and east, this plain is bounded near the
limit of OU-1 by low-lying hills of glacial till and gravel. Other topographic features include
Hartswell Hill and Pine Hill. These are till-covered, isolated hills located at the northern and
western boundaries of OU-1, respectively. The hills provide a relief of approximately 100-ft
above the surrounding plain.

The principal drainage features in the vicinity of OU-1 are the Shawsheen River, which
originates in the east end of the air field and flows toward the northeast, and Elm Brook, which is
located west of the airfield and ultimately flows northwest and into the Shawsheen River.
Surface runoff at Hanscom Field is controlled by a storm drain system that includes drainage
ditches, culverts, and subdrains. This system drains into Elm Brook, the Shawsheen River and
the wetlands northeast of OU-1.

Test borings completed during an Installation Restoration Program have identified three
principal soil deposits underlying OU-1. From upper to lower, these soils are an outwash
section, a lacustrine section, and a till section. The till section is deposited above bedrock,
consisting primarily of granite, with lesser amounts of quartz diorite and gneiss.

The upper most outwash section measures O ft to 33 ft in thickness and consists primarily
of fine sand. Locally this unit is composed of medium to coarse sand with lesser amounts of
gravel. The underlying lacustrine section consists of interbedded silt, clay, and fine sand. The
unit varies in thickness from O ft to 60 ft. Beneath the lacustrine section is a till deposit which
locally grades into a lower outwash unit. This unit measures from O ft to 88 ft in thickness.

These geological units define three separate aquifers. The outwash section comprises the
area’s near-surface unconfined aquifer. The till section, positioned beneath a thick sequence of
lacustrine clay, silt and fine sand, forms a lower, semi-confined aquifer. A third aquifer has been
encountered by monitoring wells installed into bedrock.

C. SITE SELECTION

Before individual wells were selected for the study, each of the contaminated sites at
Hanscom AFB and Hanscom Field were evaluated against the data quality objectives. Sites 1, 2
and 21 were selected based on the range of contaminants present at the sites, distribution of
existing wells and ease of access to these sites. Obtaining access to each of these sites did not
impact operations on the AFB or at the air field.

Site 21, also known as the Fuels Site for this study, is located on Hanscom AFB,
southeast of the airfield (Figure 1). Site 21 was formerly used for fuel and gasoline storage and
distribution. Between 1945 and 1973 the site was used for jet fuel and aviation gasoline and
during the 1970s the site was only used for heating and fuel oils. During this period, several
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spills were identified in the vicinity of former buildings and areas of this site. In 1990 the storage
tanks were removed and the land is now in use as a general storage area. In September of 1995, a
soil vapor extraction and passive groundwater collection system began operation to remove
subsurface contamination.

1. Conventional Well Selection

From a list of all of the wells at sites 1, 2, and 21, a total of 64 possible locations were
selected to cover the range of interest of concentration values and to include wells in both the
upper and lower aquifer. The study focused on wells bearing lower concentrations because these
levels were presumed to be of greatest interest for regulatory monitoring, and thus most
appropriate to the study. The principal benchmarks of regulatory concern are action limits and
cleanup targets, both being defined by characteristically low concentrations. The goal was to
install paired wells at approximately 40 of the 64 candidate locations identified. As discussed in
the results section, a total of 43 functioning direct-pushed wells were successfully installed for
use in the study.
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D. DIRECT PUSH MONITORING WELLS

1. Location and Placement

In order to isolate the effects of the well installation technique as the only significant
comparative variable in the validation study, we sought to minimize all other potential influences
on the results obtained from the CPT-installed versus conventionally installed monitoring wells.
Perhaps the most obvious potential source of variability is the distribution of wells in relation to
the distribution of contaminants in the heterogeneous subsurface environment. To minimize
these spatial variances, the CPT-installed wells were located as closely as practical to the existing
auger-drilled wells. In addition, screened intervals were matched as closely as possible in the
vertical dimension so that sampling from consistent depths was maintained within well pairs.

2. Construction Details

The physical configuration of wells can also have a significant impact on sampling, and
the subsequent analytical results. For example, at a fixed flow rate, the time required to
effectively purge a 4-inch diameter well would be significantly longer than the time required to
purge a 2-inch diameter well in the same formation. Therefore, identical purge times or volumes
would likely result in non-identical samples.

Variability in the physical parameters of well construction (i.e., materials and dimensions)
between the two well populations was allowed only to the extent that it was necessary to permit
establishment of functional direct pushed monitoring points. Wells were constructed of 2-inch
diameter schedule 80 PVC with flush threaded joints. Although some of the conventional wells
were constructed of schedule 40 PVC, schedule 80 was used in the direct-pushed wells because
the heavier duty material is necessary to resist the additional stress that direct-pushed wells
receive upon installation. This difference results in a slight reduction of the inside diameter of
the well. Each riser section was one meter (3.28 feet) long with an outside diameter of 2.375
inches.

Another important construction parameter is the slot size, due to its effect on bulk
permeability of the screened well interval. Differences in permeability will result in different
time scales for reaching dynamic equilibrium, including both chemical (partitioning) and
physical (flow) equilibrium between the water outside the well, the water inside the well, and the
headspace above the well water. Also, because direct push installation displaces material into the
surrounding formation rather than removing it, and since conventional wells are surrounded by a
high permeability non-native sand pack, lower permeability may result around the direct push
wells. Although slot sizes were matched to the maximum extent practical, some variation was
allowed as discussed below.

While the existing conventional wells utilized both 0.010-inch and 0.020-inch screen slot
sizes, all direct push well screens were constructed of 0.020-inch slots. The larger slot size
enables more effective well development, and compensates for the potentially lower permeability
of the formation in contact with direct push wells, which can be due to differences in installation
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technique, including the exclusion of an annular sand pack. Since a CPT-installed well does not
have a non-native sand pack around it, aggressive well development is performed to remove the
fines from the immediate formation material, effectively creating a natural sand pack. We have
found that with the larger, 0.020-inch slot size we can more effectively mobilize and remove
these fines during well development. The screen sections were configured to match as closely as
possible the existing conventionally installed wells in terms of their top and bottom elevations.

In most cases, a silt trap was installed on the CPT-installed wells even when not present
on the conventionally installed well. Inclusion of a silt trap is common practice which helps
maintain the effective screen area on CPT-installed wells. On the conventionally installed wells,
a silt trap is usually not needed because the annular sand pack installed around drilled well
screens provides a place for mobile fines to settle before entering the well. CPT-installed wells
do not have a sand pack around the screen to reduce silt infiltration so even low silt content
material will produce silt infiltration. The inclusion of a silt trap allows the silt to collect below
the screen interval away from the sampling zone. In the present study, a circumstance in which a
silt trap would not have been included on the CPT-installed wells would be when the bottom of
the screen of the conventionally installed well extended to the top of the bedrock. In this
situation the bottom of the screen of the CPT-installed well would also be installed as close to the
bedrock as possible, leaving no room for inclusion of a silt trap.

3. Installation Procedure

New CPT-installed monitoring wells were installed according to standard installation
procedures developed by ARA. A schematic of this well installation procedure is presented in
Figure 4.

During Installation After Installation
L [ "

| 1.75" CPT Push Rod

| «——— 2"SCHB0 — [
PVC '

2" SCH 80
Slotted

328 PVC

(1m)

2.5" Steel Tip

Figure 4. Schematic of 2-inch diameter PVC well installation with Cone Penetration
Technique (CPT).
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Before each new well was installed, a 1.75-inch standard CPT cone was advanced to the
design well completion depth. This first penetration measured the geologic conditions at the well
location and provided a guide hole for the larger diameter well. During each pilot penetration,
CPT data were acquired and recorded, and used to generate a field plot upon completion of the
hole. CPT profiles are contained in Appendix B.

Most of the DPT-installed wells included a one-meter section of solid riser beneath the
screened interval to serve as a silt trap, or sump. Installation of each well began by threading a
sacrificial stainless steel or high-strength plastic tip, which acted as the drive point, into one end
of the bottom section of well casing, either solid (sump) or slotted (screen). The remainder of the
screen sections and solid riser were then threaded onto the other end as the drive point was
lowered to the ground. Once the sacrificial tip reached ground surface (beneath the truck), the
steel push rods, with a blunt tip attached, were lowered inside the well material until the blunt
end rested behind the sacrificial tip. Enough rods were added so that the end of the rods
extended beyond the top of the well material and the CPT head clamp on the CPT rig could
clamp the rods and not the well material. Installation began as the CPT rods, in compression,
drove the sacrificial tip into the ground, pulling the trailing well material in with it. Additional
screen and riser sections were added as necessary until the desired installation depth was
achieved.

Upon reaching the planned well completion depth, the CPT rods were removed from
within the well casing and a depth indicator was lowered down the well to verify the total depth
of the well. This information was recorded on the well installation reports. During removal, the
rods were decontaminated using the CPT rig’s steam cleaner. Water generated during the rod
decontamination process was containerized in a 55-gallon drum and delivered to the on-site
groundwater treatment facility for disposal.

A flush-mounted manhole cover was installed and set in an eighteen (18) inch square
concrete cap. The well riser was cut approximately 2 to 3 inches below the top of the cap before
the manhole cover and cap were installed. Due to the winter conditions the well locations were
marked with wood stakes which had been spray painted with fluorescent marking paint. The
man hole covers and concrete caps were installed in the spring.

4. Well Development

Development of CPT-installed monitoring wells was conducted with the Aardvark well
development system. This system is a combination of a mechanical surge block and a venturi
airlift silt and water pump. The Aardvark system was cleaned in a liquinox water bath before
each use to avoid cross-contamination. Development was achieved by raising and lowering the
Aardvark development head in the well repeatedly over a two-foot section of the well screen.
During this process field readings were taken of the purge water’s temperature, pH, and turbidity
at a rate of 1 reading per removed well volume. Field parameters were measured with a YSI
Model 6820 field water quality tester. Instrument specifications and calibration procedures are
included in Appendix D. The Aardvark process continued until these parameters stabilized (less
than 0.2 pH units or a 10 percent change for the other parameters among four consecutive
readings) and the water was clear and free of fines.
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The existing, conventionally-installed monitoring wells were not developed under this
study, since these wells were previously developed and are part of a separate, on-going water
quality study. Well development logs for the DPW are contained in Appendix D.

E. SAMPLING AND ANALYSIS

The objectives of this sampling program were to collect water samples from two-inch
diameter wells using a sampling method that is suitable for collection of water contaminated with
volatile organic compounds (VOCs) and is generally accepted by regulatory agencies such as the
EPA. Other requirements were that the groundwater table varies from 2 feet to 20 feet below the
ground surface. The primary concentration range is near the action MCL level.

A decision was required as to what sampling techniques and analytical methodology
should be used to compare the populations of monitoring results from the two well types. We
determined that this methodology should be chosen to maximize relevance to the intended
purpose of the study results (i.e. to promote regulatory acceptance). For this reason, only
sampling and analysis procedures considered standard within the framework of the long-term
monitoring requirements of major regulatory programs, such as the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) (also known as
Superfund), and the Resource Conservation and Recovery Act (RCRA) were considered for use.
Accordingly, we required the data quality of the study to meet or exceed the typical data quality
objectives of these programs. Thus, all samples were collected and analyzed according to typical
(RCRA and CERCLA) requirements and EPA technical guidance directives to ensure that the
results of the experiment are valid in the context of regulatory required long-term monitoring.

1. Groundwater Sampling

For this study, we selected a relatively new technique published by the EPA Region Iin
July, 1996. In this document, titled “Low Stress (low flow) Purging and Sampling Procedure for
the Collection of Groundwater Samples from Monitoring Wells,” the EPA “provides a general
framework for collecting groundwater samples that are indicative of mobile organic and
inorganic loads at ambient flow conditions.” This document is included in the Work Plan
(Appendix A) for reference.

The first round of sampling was conducted during April and May of 1997, and the second
round in September of 1998. However, re-sampling of the second round in March and April of
1999, was required due to uncorrectable errors in laboratory analyses.

a. Equipment

During the first round, samples were collected using a stainless steel Grundfos Redi-
flow " submersible pump which was shared among the wells. Since the pump and tubing were
shared, they were decontaminated before each sampling round and after each well was sampled
according to the procedures described below.
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During the second round, samples were collected using a stainless steel non-dedicated
submersible bladder pump with dedicated tubing. During this round, only the pump was
decontaminated before each sampling round and after each well was sampled. The tubing was
not decontaminated since each well had its own dedicated segment which was not re-used.

All sampling equipment was decontaminated before the beginning of each sampling
round and after each well was sampled. If dedicated tubing was not used, the outside of the
sampling tubing was decontaminated during retraction of the samplmg pump. After the pump
had been removed from the well it was placed in a water and Liquinox  bath. Three pump
volumes were pumped through the pump and sampling tubing (if non dedicated). This process
was repeated for two baths of tap water rinse and again in a bath of reagent free water.

b. Well Purging

Prior to collecting groundwater samples from each well, water was purged from the well
until the field measurements of turbidity, conductivity, temperature, dissolved oxygen, and pH
stabilized. Purged water was pumped through the flow through cell of a YSI Model 6820 sonde
to measure water quality parameters during purging. Field parameters were recorded at regular
intervals (at least once per well volume), typically of five to ten minutes. In slight deviation from
the sampling protocol, oxidation-reduction potential (ORP) was not monitored, as equipment for
measuring this parameter was not available.

Also, before and during purging, water levels were measured using a Solinst water level
meter calibrated to 0.01 feet. The probe portion of the water level meter was decontaminated
before each measurement by soaking with a L1qu1nox * solution and rinsing with tap water and
again with distilled water. Purge water generated during the groundwater sampling and
decontamination water was containerized in 55-gallon drums and delivered to the on-site
groundwater treatment facility for disposal. Purge procedures and stabilization guidelines are
covered in the Work Plan (Appendix A).

¢. Sample Collection

For each well the pump was positioned at the mid-point of the screened interval. If this
location is less than 2 ft above the bottom of the well, then the pump was positioned at 2 ft above
the bottom of the well. Each sample was collected in a 40-ml glass vial with a Teflon-backed
septum. Purchased sample vials were pre-cleaned and suitable for purgeable volatile organic
analysis (PVOA). The vials were preserved with hydrochloric acid (HCI). Groundwater from
the site was tested before hand to determine how many drops were required to increase the
acidity to a pH of 2.

Sample containers were filled such that no air was retained within the sample vial. The
absence of headspace was verified by turning the capped vial upside down and tapping the lid
while watching for bubbles. Sample labels with requisite identification data were affixed to each
vial. Vials were labeled with the date and time of collection, sampling personnel’s initials, well
ID and depth, and a unique sequence number. The same information was recorded in the field
sampling logbook.
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d. Sample Handling and Chain-of-Custody

Each sample set of more than one vial was placed in a single, sealed plastic bag. Filled
sample vials were stored at four degrees centigrade in a refrigerator or ice-containing insulated
cooler until delivery to the analytical laboratory.

Samples to be analyzed by the CLP laboratory were packed into a separate cooler at the
end of the sampling day. This cooler was packed with a bottom layer surrounding the sample
containers. A Chain-of-Custody Form was signed and placed in a resealable plastic bag within
the cooler and the cooler was sealed with tape and a Chain-of-Custody Seal, such that the seal
must be destroyed before accessing the cooler. The cooler was shipped to the laboratory by
overnight express (or equivalent) mail from the field.

Chain-of-Custody Forms accompanied all samples delivered to each laboratory. The
forms listed the number of vials of each size contained in each cooler. They were signed and
dated by field personnel at the time of packing for shipment from the field, and by laboratory
personnel at the time of receipt in the laboratory.

2. Analytical Chemistry
a. Analytes

The analytes of interest for the study, all volatile organic compounds (VOCs), were
chosen on the basis of two criteria:

e Significance to the Hanscom base Installation Restoration Program (IRP) in terms of
relevance to their regulatory obligations, and

e documentation of prior occurrence in the groundwater at the demonstration site.

While the second criterion is obvious, the first criterion was a function of the ultimate
objective of the study, which is to validate the use of direct push monitoring points versus the
baseline monitoring technology for use in regulatory monitoring programs. These criteria
resulted in the selection of the following nine VOC for inclusion in the study: benzene, toluene,
xylene, trichloroethene, cis-1,2-dichloroethene, trans-1,2-dichloroethene, vinyl chloride, 1,1-
dichloroethane, and 1,4-dichlorobenzene.

b. Methods

Chemical analyses of field samples were performed for selected compounds using EPA
SW-846 methods. The first round samples were analyzed by ARA’s New England Division
laboratory using EPA Method 5021 static head space sample concentration and modified EPA
method 8021 for the analysis of volatile organic compounds in water. Modifications to method
8021 included: the use of a capillary column in place of a packed column; the use of a flame
ionization detector (FID) in parallel with an electron capture detector (ECD) instead of a photo-
jonization detector (PID) and electrolytic conductivity detector (ELCD); and truncation of the
standard analyte list. The truncated target analyte list included only the purgeable halocarbons
and aromatics presented above. :
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¢. Equipment

The instrument configuration at ARA’s laboratory consisted of Tekmar 7000 Static
Headspace sampler connected directly via a heated transfer line to the split/splitless capillary
injection port of a Hewlett-Packard 5890 series II gas chromatograph equipped with electronic
pressure control (EPC). The injection port was run in splitless mode to optimize the detection of
trace analytes.

Split samples for laboratory Quality Assurance/Quality Control (QA/QC) were sent to
Inchcape Testing Services (ITS) Environmental Laboratories (Colchester, VT). Analysis of splits
was performed using Gas Chromatography/Mass Spectrometry (GC/MS) following EPA Method
8260. All of the second round samples were sent to Severn-Trent Laboratories (formerly ITS)
where they were analyzed by Gas Chromatography/Mass Spectrometry (GC/MS) method 8260.

d. Laboratory Procedures

The Gas Chromatography (GC) equipment used by ARA was calibrated according to the
procedures specified in EPA method 8021. For each analyte of interest, a five-point calibration
was developed including one at a concentration near, but above the method detection limit. The -
other concentrations correspond to the expected range of concentrations found in the actual
samples or defined the working range of the detector. A linear calibration curve was derived for
each analyte by a least squares best fit through the five calibration points plus the origin. The
calibration curve was considered acceptable if the correlation coefficient is greater than or equal
to 0.995. Retention time windows included plus or minus three standard deviations of the mean
retention times for each analyte measured over a 72-hour period. The instrument was re-
calibrated under two conditions: before analyzing the samples from each sampling round, and
upon failure of a quality control check as discussed in the Quality Assurance Project Plan
(QAPP).

Calibration standards used by ARA’s Laboratory were prepared according to the
procedures specified by EPA method 8021B. Stock standards were prepared from pure (neat)
standards, prepared as specified in the method, or purchased as certified solutions. Any required
dilution of the purchased standards was performed using Level A precision glassware and
reagent-free water that had been analytically demonstrated to be free of target analytes, at least
down to the analytical method detection limits. Retention time windows for all of the individual
peaks were identified by analyzing a 10-ppm dilute standard of each of the individual target
analytes in accordance with the procedures outlined in SW-846 method 8000. Calibration check
standards were run at a rate of one every ten samples and included each of the target analytes at a
concentration of 20 ppb. These standards were made up independently from the dilutions used to
make the calibration standards. All calibration standards were purchased from Supelco, Inc.
(Bellefont, PA). The normal level of certification that accompanies all Supelco standards was
considered acceptable for the purpose of the project.

Method 8021 specifies method performance criteria which assume a photo-ionization
detector (PID) and a Hall electrolytic conductivity detector (HECD) are used in series. Since we
used different detectors as a modification of Method 8021 it was necessary to conduct an
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instrument-specific method detection limit (MDL) study for the analysis of samples from the first
round.

e. Quality Assurance/Quality Control

A comprehensive Quality Assurance Project Plan (QAPP) to assure quality in both
sampling and analysis was developed for this project. The QAPP addresses quality assurance
associated with all aspects of sampling and analysis of samples. All laboratory work associated
with this project adhered to the QA/QC procedures contained in the QAPP. A copy of the
QAPP is included in the Work Plan contained in Appendix A.
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SECTION IV

TEST RESULTS

A. WELL INSTALLATION AND DEVELOPMENT

One of the goals of this study was to install approximately 40 wells with direct push
technology, adjacent to conventionally installed auger drilled wells, forming well pairs from
which to obtain samples for comparison. We completed the well installation and development
tasks during February and March of 1997. Of the 64 candidate locations identified, we
succeeded at installing functioning wells at 43. Forty-one of these were installed to depths
ranging from 17 to 35 feet, and two wells were installed to an approximate depth of 65 feet.
Twenty-five of the wells installed were at sites 1 & 2 and 18 were at site 21. At the other 21
candidate locations, wells were either not installed or not used due to the following reasons:

e At 9 locations, refusal was encountered, where we were unable to obtain the desired
depth of penetration.

¢ Nine wells were skipped because either (a) confidence was low, based on boring logs
and previous attempts, that the desired depth would be achievable, or (b) we had
already succeeded in installing enough wells for the study.

e At one well, casing damage was discovered following installation.

e At the final two wells, both wells in the pair were pumped dry due to nearby Pump
and Treat remediation operations.

An installation summary of the wells used in this study is presented in the following
tables. Complete field records of the installation and development activities, including CPT
sounding profiles, well construction logs, and well development logs appear in Appendices B, C,
and D, respectively.

02/22/01 Page 19 Final Report




Table 1 Well installation summary showing all candidate locations and which
locations were selected for well installation.

Monitoring Wells Well and Screen Construction Monitoring Wells Well and Screen Construction
Well Direct Push Total Top Bottom Well Direct Push Total Top Bottom
No. Installation] Depth Depth Depth No. Installation| Depth Depth Depth
Status  J(feet B.G.S.)|(feet B.G.S )] (feet B.G.S.) Status | (feet B.G.S.)j(feet B.G.S.)| (feet B.GS.)
|Site No. 1 Site No. 21
B102-MW v 14.0 3.0 14.0 MWZ-3 v 20.0 10.0 20.0
B103-MW v 15.0 5.0 15.0 MWZ-4 + 200 10.0 20.0
B104-MW v 13.0 3.0 13.0 MWZ-5 v 200 10.0 20.0
18238(S) v 12.0 5.0 10.0 MWZ-6 v 18.5 8.5 18.5
B239(T) X 30.0 23.0 28.0 MWZ-7 v 19.0 9.0 19.0
CwW-4 X 25.0 15.0 25.0 MWZ-8 v 200 10.0 20.0
P0O1-4SA - 131 3.0 13.1 MWZ-11 v 220 12.0 220
RAP1-1T - 23.8 18.7 23.8 MWZ-12 v 200 10.0 20.0
RAP1-3S - 17.5 0.0 17.5 MWZ-16 X 200 10.0 20.0
RAP1-48 v 147 0.0 14.7 MWZ-17 v 200 10.0 20.0
RAP1-58 v 13.5 0.0 13.5 MWZ-19 + 20.0 10.0 20.0
RAP1-6S 4 145 0.0 14.5 MWZz-22 v 19.5 9.5 19.5
RAP1-6T - 447 29.6 447 MWZ-23 v 19.0 9.0 19.0
RFW-15 - 15.6 5.8 15.6 MWZ-24 X 18.0 8.0 18.0
Site No. 2 MWZ-25 + 19.5 9.5 19.5
B101-MW v 18.5 3.5 18.5 Oow-2 v 200 7.0 20.0
B105-MW 4 15.0 5.0 15.0 B20 v 17.0 7.0 17.0
B106-MW v 14.0 4.0 14.0 B37 v 17.0 7.0 17.0
}B107-MW v 14.0 4.0 14.0 B38 v 20.0 10.0 20.0
B108-MW X 78.0 68.0 78.0 B39 v 200 10.0 20.0
B109-MW v 69.0 59.0 69.0 B40 v 17.0 7.0 17.0
B115-MW X 59.0 52.0 59.0 B41 v 15.0 5.0 15.0
B126-MW X 61.7 517 61.7 B42 v 15.0 5.0 15.0
B130-MW v 14.0 4.0 140 §
B241(S) v 17.0 3.0 16.0
B242(T) X 49.0 43.0 48.0
ow2-1 4 15.0 10.0 15.0
owa-2 v 20.0 15.0 20.0
ow2-3 - 25.0 20 25
ow2-4 v 30.0 25.0 30.0
Oow2-5 - 25.0 20 25
ow2-6 v 20.0 15.0 20.0
owa-7 v 20.0 15.0 20.0
P02-1S - 18.0 5.5 18.0
RAP2-2S v 19.9 0.0 19.9
RAP2-2T v 75.3 60.1 75.3
RAP2-3S v 23.6 0.0 236
RAP2-4S v 25.0 0.0 25.0 Site Success Refusal | Skipped | Problem
RAP2-4T X 41.4 314 414 v X - +
RAP2-58 v 14.6 0.0 146 Sites 1&2 25 7 9 0
RAP2-5T - 32.9 17.7 329 Site 21 18 2 0 3
RFW-11 v 17.2 7.2 17.2 Total 43 9 9 3
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Table 2 Well Construction Details

Direct Push Wells

Conventional Wells

S

Screen Screen
Well Site | Sampled | Total Top Bottom | Sit | Total | Top | Bottom | Siot
No. Round Depth Depth Depth Trap | Depth Depth Depth Size
1 2 |(feetB.G.S)|(feet B.G.S)| (feet B.G.S)| (feet) {(feet B.G.S.)(feet B.G.S.)(feet B.G.S.)} (inches)
ite No. 1 & 2

02/22/01

v Checked wells were sampled during indicated round.
Slot Size: Ali direct push wells have a slot size of 0.020 inches.
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B. SAMPLING AND ANALYSIS

Two separate sampling tasks were completed during April-May of 1997 and in March-
April of 1999. From the first round of sampling, thirty-one (31) samples were collected and
analyzed from each well pair resulting in a total of 62 samples. Fourteen quality control replicate
samples were sent to a contract laboratory for verification. During the second round of sampling,
20 samples (2 from each of 10 pairs) were collected and sent to Severn-Trent Laboratory
(Colchester, VT) for analysis. The analytical results form part of the basis for the statistical
comparisons presented in section C below. The results from monitoring water quality parameters
during well purging for two sample collection rounds (one for which the VOC analyses were
conducted incorrectly, and a re-sampling of that round) formed the rest of the data set used in the
statistical comparisons.

During each event, all sampling adhered to the low-flow sampling procedure detailed in
the attached Work Plan. This procedure requires the monitoring of several water quality
parameters used to indicate when purging has resulted in dynamic steady-state conditions within
the well and surrounding formation. These parameters included: temperature, specific
conductivity, dissolved oxygen, pH, and turbidity. The monitoring of oxidation-reduction
potential (ORP) is also recommended in the protocol, but was not performed due to
unavailability of appropriate equipment. This monitoring, performed using a handheld analyzer,
resulted in field sampling logs which contained records of observations of all the monitored
parameters. With the exception of Round 1 water quality monitoring data, these parameters were
also subjected in the statistical analyses presented below. The Round 1 data were omitted
because the sampling apparatus used in Round 1 included a relatively long hose with a
correspondingly high residence time. This configuration may have resulted in values that, while
sufficiently indicative of the attainment of steady state conditions for sampling, may not have
been representative of actual conditions within the well, due to atmospheric influence on the
hose. The field sampling logs are presented in Appendix E.

Results of analyses for volatile organic compounds (VOCs) from samples collected
during the study are summarized in the tables below. Well sampling logs appear in Appendix E,
and complete analytical results are presented in Appendix F.
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Table 3.

Summary of results of VOC analyses from the first sampling round.

Direct Push Wells Resuits

Conventional Wells Results

|Analyte n_| Mean Min Max __ Std. Dev. Mean Min Max___Std. Dev.
Vinyl chloride 31 6.9 05 101.7 23.4 5.9 05 89.8 17.4
1,1-Dichloroethane 31 4.9 0.5 98.4 18.7 5.8 0.5 121.6 226
Benzene 31 41.4 0.3 786.4 145.6 14.2 0.5 194.2 39.1
Toluene 31 5.2 0.5 49.4 11.0 22 0.5 40.4 7.1
o-Xylene 31 1.1 05 6.8 1.5 1.5 0.5 15.3 3.0
trans-1,2-Dichloroethene | 31 26.5 0.1 768.4 137.7 1.4 0.3 125 23
cis-1,2-Dichloroethene 31 1147 05 2488.1 4571 89.5 0.5 2009.6 3733
Trichloroethene 31 774 05 14771 268.3 80.6 05 19442 349.3
1,4-Dichlorobenzene 31 104.7 05 26282 469.6 25.7 0.5 104.8 37.7
Log(Direct Push Wells Results) | Log(Conventional Wells Results)
|Analyte n_] Mean Min Max___Std. Dev. Mean Min Max __ Std. Dev.
Vinyl chioride 31 ] -0.083 -0.301 2.007 0.614 0.017  -0.301 1.853 0.643
1,1-Dichloroethane 31 ] -0.166  -0.301 1.993 0.526 -0.135  -0.301 2.085 0.553
Benzene 31 0.205  -0.600 2.896 0.948 0.163  -0.301 2,288 0.814
Toluene 31 0.200  -0.301 1.694 0.599 -0.086  -0.301 1.606 0.409
o-Xylene 31] -0126  -0.301 0.832 0.345 -0.112  -0.301 1.184 0.400
trans-1,2-Dichloroethene | 31 0.007 -1.235 2.886 0.715 -0.094  -0.570 1.097 0.380
cis-1,2-Dichloroethene 31 0.358  -0.301 3.396 1.030 0.359  -0.301 3.303 0.958
Trichloroethene 31 0.713  -0.301 3.169 0.913 0.624  -0.301 3.289 0.857
1,4-Dichlorobenzene 31 0.597 __ -0.301 3.420 0.997 0.615 _ -0.301 2.020 0.931

Table 4. Summary of results of VOC analyses from the second sampling round.

Direct Push Wells Results

Conventional Wells Results

|Analyte n Mean Min Max___ Std. Dev. Mean Min Max __Std. Dev.
Viny! chloride 10 315 0.5 290.0 91.0 41.5 0.5 310.0 99.4
1,1-Dichloroethane 10 174 0.5 120.0 39.0 26.4 0.5 140.0 54.8
Benzene 8 0.8 0.5 1.8 0.5 0.5 0.2 141 0.2
Toluene 8 1.0 0.3 42 1.3 0.5 0.3 0.5 0.1
o-Xylene 8 0.5 0.5 0.5 0.0 0.5 0.5 0.5 0.0
trans-1,2-Dichloroethene | 8 0.5 0.5 0.5 0.0 0.5 0.5 0.5 0.0
cis-1,2-Dichloroethene 10 392.8 0.4 2600.0 861.0 682.0 0.5 4100.0 1470.0
Trichloroethene 10 120.1 0.5 750.0 258.9 91.9 0.5 800.0 250.7
1,4-Dichlorobenzene 8 0.5 0.5 0.5 0.0 0.5 0.5 0.5 0.0
Loa(Direct Push Wells Results) Log(Conventional Wells Results)
|Analyte n_]| Mean Min Max__ Std.Dev.] _ Mean Min Max___Std. Dev.
Vinyl chloride 10 0.154 -0.301 2.462 0.956 0.264 -0.301 2.491 1.065
1,1-dichloroethane 10 0.134 -0.301 2.079 0.923 0.182 -0.301 2.146 1.018
Benzene 8 -0.168 -0.301 0.255 0.238 -0.303 -0.658 0.041 0.187
Toluene 8 -0.159 -0.538 0.623 0.368 -0.329 -0.523 -0.301 0.078
o-Xylene 8 -0.301 -0.301 -0.301 0.000 -0.301 -0.301 -0.301 0.000
trans-1,2-Dichloroethene | 8 -0.301 -0.301 -0.301 0.000 -0.301 -0.301 -0.301 0.000
cis-1,2-Dichloroethene 10 0.772 -0.420 3.415 1.509 0.813 -0.301 3.613 1.497
Trichloroethene 10 0.571 -0.301 2.875 1.259 0.578 -0.301 2.903 1.099
1,4-Dichlorobenzene 8 -0.301 -0.301 -0.301 0.000 -0.301 -0.301 -0.301 0.000
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C. STATISTICAL ANALYSIS

A statistical analysis of the analytical and purge monitoring results was conducted to
compare the wells installed with direct push technology to the conventional well installation
method. The statistical analysis compared the VOC analytical results of groundwater samples
collected from the direct push installed wells (DPWs) to the results of samples collected from the
conventionally installed wells (CMWs). Water quality parameters, measured and recorded while
purging the wells for sampling, were also compared. In accordance with the sampling protocol,
these parameters were measured regularly (every five to ten minutes) during purging and
recorded on the groundwater sampling logs. For the statistical analysis, the last measurement of
each parameter recorded in each log prior to sample collection was used. Only data from the
second round of sampling were compared in this fashion due to influences discussed in section B
above. Parametric and non-parametric statistical tests were applied, depending of the distribution
of the underlying data. :

Paired data tests are preferred for comparing the influence of a single factor (well
installation method) on two populations of samples that are also subject to the influence of
extraneous factors (e.g., the location of the wells within the contaminant plume and with regard
to variation in the local hydrogeology, the length and depth of the screened interval, etc.). Taking
the observations in pairs, where the external influence may vary from pair to pair but is assumed
to be the same within each pair neutralizes the influence of these factors.

The work plan called for application of the Student’s t test on paired data to evaluate the
null hypothesis that the mean of differences between measurements from two adjacent wells of
different types was equal to zero (e.g., that both types of wells produced the same results). The
paired Student’s t test is used to determine if two sample populations are statistically different.
That is, it tests whether the population of differences of paired measurements from the two types
of wells has a mean of some value, in this case zero. In our case, one population is the analytical
results and water quality measurements from the DPWs and the other is the results from the
CMWs. The Student t test is only applicable to a population of means that is normally
distributed, or can be transformed to a normal distribution. The assumption of normality (and of
log-normality) of the paired differences was tested by application of the Shapiro-Wilk W test.

In cases where the population of differences between paired well measurements was
found to violate the assumption of normality, and the data could not be log-transformed to a
normal distribution of differences, the Sign Test and Wilcoxen Signed Rank Test were applied.
These parametric tests were also used where the number of non-detect analytical results
precluded the test for normality.

1. Parametric Tests

The Student’s paired t test called for in the work plan is only applicable to normally
distributed differences of observations. The assumption of normality was checked by applying
the Shapiro-Wilk W test (Shapiro & Wilk, pp.591-611) to both the differences of paired well
observations and to the differences of log-transformed observations from each sampling round.
None of the sets of differences on un-transformed data were found to be normally distributed for
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either round of sampling. Only the differences of the log-transformed analytical results for
toluene and TCE were found to be normally distributed, and only from the second round of
sampling. The Student t test was performed on these results. All other sets of differences were
subjected to the non-parametric Sign Test and Wilcoxen Signed Rank Test. Details are discussed
below.

a. Shapiro-Wilk W test for normality

The differences of paired observations from the two well types, as well as the differences
of log-transformed observations, were subjected to the Shapiro-Wilk W test for normality. Ata
90% confidence the two-tailed Shapiro-Wilk test will reject the null hypothesis that the data are
normally distributed when the p-value associated with the W is less than 0.05. That is, the
probability (for each tail) is less than 5 in 100 that the observed deviation from normal is due
solely to a chance occurrence in sampling a normal population.

As the results shown in Table 5 below indicate, for the first round of sampling, neither the
paired differences of the analytical data nor the paired differences of the log-transformed
analytical data were normally distributed. For the second round of sampling, only the paired
differences of the logs of TCE and toluene were normally distributed. Thus only these data were
compared by the paired Student t test.

Table 5. Results of Shapiro-Wilk W test of normality applied to differences of
paired observations of VOC results from the two well types.

Round 1 Round 2

Differenc Difference of Logs | Differenc Difference of Loas

{Analyte w p-value w p-value w p-value w p-value
Vinyl chioride 0.308 0.000 0.465 0.000 0.482 0.000 0.557 0.000
1,1-Dichloroethane 0.215 0.000 0.206 0.000 0.366 0.000 0.366 0.000
Benzene 0.290 0.000 0.764 0.000 0.395 0.000 0.734 0.002
Toluene 0.505 0.000 0.905 0.009 0.415 0.000 0.849 0.056
o-Xylene 0.443 0.000 0.678 0.000 0.381 0.000 0.386 0.000
trans-1,2-Dichloroethene 0.183 0.000 0.724 0.000 0.381 0.000 0.386 0.000
cis-1,2-Dichloroethene 0.365 0.000 0.813 0.000 0.411 0.000 0.736 0.002
Trichloroethene 0.560 0.000 0.852 0.001 0.371 0.000 0.900 0.217
1,4-Dichlorobenzene 0.196 0.000 0.764 0.000 0.381 0.000 0.386 0.000

n=31 n=10

The Shapiro-Wilk test was also applied to the water quality monitoring data obtained
during purging of the wells. As the results summarized in Table 6 below indicate, the hypothesis
of normality was rejected (p-value<0.05) for all of these parameters.
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Table 6. Results of Shapiro-Wilk W test of normality applied to differences of
paired observations of water quality parameters from the two well types

Difference of Values | Difference of Loas

Parameter w p-value w p-value

Tempercture 0.871 0.003 0.908 0.021

S pecific Conductivity 0.611 0.000 0.674 0.000

Dissolved Oxygen 0.787 0.000 0.908 0.021

pH 0.884 0.006 0.871 0.003
n=10

b. Student’s paired t test

The Student t test was conducted on the paired data that were found to pass the
assumption of normality. The ¢ test determines the probability with which a normally distributed
underlying population of some sampled data set has a mean equal to some value, in this case
zero. Although the number of non-detects and ties in the results of VOC analyses performed
made statistical comparison of the results difficult, the results of toluene and trichloroethene from
Round 2 were amenable to using the Student’s paired t test.

The paired t test is well suited to situations where there are external influences on the
measurement, but where variation due to external factors can be controlled by taking the data in
pairs. The experiment is designed such that external influences (e.g. contaminant concentration,
geochemistry, hydrologic regime, screened interval, well construction details, etc.) may vary
from pair to pair but are presumed to be the same within each pair. A complete discussion of the
statistical methodology is presented in the work plan, however, the basic application is to test the
null hypothesis that the mean of differences between paired measurements from two samples is
equal to some value, in this case zero.

The null hypothesis is expressed as:
H,:pp =06,

The value of the test statistic is:

d-é,
t= 2
Y
Jn
where d is the mean of differences between pairs of measurements, d, in this case is zero,

s, is the standard deviation, and n is the degrees of freedom in the data set. The null hypothesis
is that the mean of the differences is zero. We reject the null hypothesis Hp when:

< >
t< t%n_l or when ¢ 2 tl_%m_l
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Table 7 presents the t statistic and it’s corresponding p-value for the analytes Toluene and
TCE.

Table 7. Results of Student’s t test on paired differences of analytical results for
toluene and trichloroethene from Round 2.

Analyte 9 t p-value
Toluene -0.386 | 0.275 -0.380 0.713 |Acoept
Trichloroethene -0.294 0.674 0.890 0.397 Accept

At 95% confidence we cannot reject the null hypothesis that the mean difference between
measurements of toluene and trichloroethene produced by the two well types in Round 2 is zero.
In fact, we can not reject this hypothesis with any confidence above approximately 71% for
toluene, and 40% for TCE. In other words, any differences that were observed between paired
measurements from the two well types are too insignificant to suggest that they were not due to
chance alone.

2. Non-Parametric Statistics

Since most of the analytical data were neither normally distributed, nor could be log-
transformed to a normal distribution, and multiple non-detects were present, a non-parametric
test was needed to compare the monitoring results. Two such tests which are appropriate to the
study are the Sign Test and the Wilcoxen Signed Rank Test. They are the non-parametric
equivalents to the Student’s t procedure for paired data.

a. Sign Test

The Sign Test is performed on paired data, does not require the underlying distribution to
be normal or symmetric, and allows ties and non-detects. The Sign Test tests the null hypothesis
that the median of the population of all possible differences is zero. That is, that one population
is as likely to be larger than the other, as the other is likely to be larger than the first. The inputs
to the sign test are the number of pairs, the signs of the differences between the paired data, and
the number of ties. The difference of a detected concentration minus a non-detect is considered
positive, assuming the same detection limits. The degrees of freedom » are reduced by the
number of ties; and the test statistic B which is the sum of positive differences, is compared to
lower and upper limits, [ and u, for the chosen confidence interval.

The test was applied to the results for each analyte from Rounds 1 and 2 and to each
water quality parameter from Round 2. The outcome of the testing is summarized in the tables
below. As shown, in all cases except the toluene results from the first sampling round, the p-
value associated with the Sign Test is greater than 0.05, signifying (for the two-tailed test) that
the null hypothesis cannot be rejected at or above the 90% confidence interval. In other words,
with the one exception noted, the Sign Test shows no statistically significant difference between
the VOC analytical results produced by the direct push well and those produced by the
conventional wells.
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Table 8. Results of Sign Test performed on VOC analyses from first round of

sampling.

Analyte n Below Equal Above | p-value | Median
Vinyl Chloride 31 6 24 1 0.125 0.000
1,1-Dichloroethane 31 3 28 0 0.250 0.000
Benzene 31 5 18 8 0.581 0.000
Toluene 31 5 10 16 0.027 0.175
Xylene (0) 31 6 22 3 0.508 0.000
trans-1,2-Dichloroethene 31 9 8 14 0.405 0.000
ds-1,2-Dichloroethene 31 8 14 9 1.000 0.000
Trichloroethene 31 13 4 14 1.000 0.000
1.4-Dichlorobenzene 31 14 Vi 10 0.541 0.000

Table 9. Results of Sign Test performed on VOC analyses from second round of

sampling.

Analyte n Below | Equal Above | p-value ! Median
Vinyl Chloride 10 3 7 0 0.250 0.000
1.1-Dichloroethane 10 1 9 0 1.000 0.000
Benzene 10 2 5 3 1.000 0.000
Toluene 10 3 5 2 1.000 0.000
Xylene (0) 10 2 8 0 0.500 0.000
frans-1,2-Dichloroethene 10 2 8 0 0.500 0.000
ds-1,2-Dichloroethene 10 6 3 1 0.125 -0.610
Trichloroethene 10 6 1 3 0.508 -1.450
1.4-Dichlorobenzene 10 2 8 0 0.500 0.000

Table 10. Results of Sign Test performed on water quality parameters from second
round(s) of sampling.

02/22/01

[Parameter n Below | Equal | Above | p-value | Median
Temperature 27 13 0 14 1.000 0.590
S pecific Conductivity 27 11 6 10 1.000 0.000
Disolved Oxygen 27 16 0 11 0.442 -0.130
pH 27 14 0 13 1.000 | -0.010
Turididity 22 10 ] 11 1.000 0.800
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b. Wilcoxen Signed Rank Test

The Wilcoxen Rank Sum Test is used also to test for a shift a central tendency (mean)
between two paired populations. Like the Sign Test, the Wilcoxen Rank Sum Test does not
require the underlying distribution to be normal or symmetric, and allows ties and non-detects.
However, the Wilcoxen test is more powerful than the Sign Test because it also considers the
magnitude of the paired differences, whereas the Sign Test does not. To apply the signed rank
test for each analyte, the differences between paired results from the two well types are ranked by
the magnitude of the differences without regard to their sign. The ranks, however, are assigned
the sign of the differences, and the test statistic T is calculated as the sum of the positive ranks.
Absolute ties, such as a pair of analytical non-detects, are dropped from the set, reducing the
degrees of freedom n by one for each tie discarded. The results of the test on differences of VOC
analytical results from each round of sampling are summarized in the tables below.

In all cases except the toluene results from the first sampling round, the p-value
associated with the test statistic T is greater than 0.05, signifying (for the two-tailed test) that the
null hypothesis cannot be rejected at or above the 90% confidence interval. In other words, with
the one exception noted, there is no statistically significant difference between the VOC
analytical results produced by the two types of wells. These results of the Wilcoxen Signed Rank
Test agree with those of the Sign Test discussed above.

Table 11. Results of Wilcoxen Signed Rank Test performed on results of VOC
analyses from first round of sampling.

n for Estimated

Analyte n Test T p-value | Median

Vinyl Chloride 31 7 7 0.272 0.000
1, 1-Dichloroethane 31 3 0 0.181 0.000
Benzene 31 13 62 0.263 0.000
Toluene 31 - 21 184 0.018 0.562
Xylene (0) 31 Q 18 0.636 0.000
trans-1,2-Dichloroethene 31 23 186 0.149 0.117
ds-1,2-Dichloroethene 31 17 79 0.925 0.000
Trichloroethene 31 27 180 0.838 -0.015
1.4-Dichlorobenzene 31 24 124 0.466 -0.188

02/22/01 Page 29 Final Report




Table 12. Results of Wilcoxen Signed Rank Test performed on results of VOC
analyses from second round of sampling.

n for Estimated

|Analyte n Test T p-value | Median

Vinyl Chloride 10 3 0 0.181 0.000
1. 1-Dichloroethane 10 1 0 1.000 0.000
Benzene 10 5 6 0.787 0.000
T oluene 10 5 6 0.787 0.000
Xylene (0) 10 2 0 0.371 0.000
trans-1,2-Dichioroethene 10 2 0 0.371 0.000
ds-1,2-Dichloroethene 10 7 6 0.205 -1.100
Trichloroethene 10 9 10 0.155 -1.450
1.4-Dichlorobenzene 10 2 0 0.371 0.000

The toluene results from round 1 indicate a p-value of 0.018, or that the null hypothesis
can be rejected at the 96% confidence interval. The Sign Test yielded a similar result. Possible
reasons for this finding, not reproduced in the second round, are discussed in the conclusions
section.

Table 13. Results of Wilcoxen Signed Rank Test performed on water quality
parameters from second round(s) of sampling.

n for Estimated
Parameter n Test T p-value | Median
T emperature 27 27 208 0.665 0.075
S pecific Conductivity 27 21 122 0.848 0.000
Disolved Oxygen 27 27 171 0.665 -0.088
pH 27 27 167 0.605 -0.035
Turbidty 22 21 103 0.664 -0.870
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SECTION V

CONCLUSIONS & RECOMENDATIONS

A. WELL COMPARISON

The direct push wells (DPWs) were found to produce the same results as the
conventionally installed wells (CMWs), in terms of both VOC analytical samples and water
quality monitoring during well purging. With one non-reproducible exception as noted, no
statistically significant difference was found in the performance of DPWs as compared to CMWs
for the two monitoring rounds conducted. This conclusion is demonstrated in the p-value of the
statistical results presented in the previous section. The p-value of a test statistic indicates how
often by chance alone we would expect to produce the observations that we did if the null
hypothesis about the underlying distribution from which we sampled is true. In this study, for
instance, a p-value of 0.007 would mean that if the choice of well type truly does not produce a
difference in analytical results, then by chance alone we would observe the differences that we
did see 7 out of 1000 times that we sampled. The actual finding was that, except in one instance,
the p-value for each of the tests comparing the DPW monitoring results to those of CMWs never
fell below 0.05. This indicates that at the 90% confidence level, we can not reject the null
hypothesis that the two well types perform equally.

The exception noted was for the analytical results of toluene observed in the first round of
sampling, and was not re-produced in the second round. Therefore, we can not conclude that the
results are consistently different for toluene.

The results from this phase of the study provide significant evidence that performance of
direct push monitoring wells is at least as good as conventionally auger-drilled wells. However
this study was limited in the extent of geologic conditions, duration (number of sampling
rounds), well materials, well configuration, and chemical constituents. To provide the necessary
supporting data to continue the validation of direct push wells, future studies should be
conducted to account for these limiting factors.

Additionally, due to cost constraints, the low number of degrees of freedom provided by
the sample sets limited the power of the statistical tests applied, especially where non-detects
were prevalent in the analytical data. With fewer degrees of freedom, the variability in the sample
sets diminishes the ability to discern statistically significant differences. For instance, the second
round of sampling provided only ten degrees of freedom, which is the minimum recommended
for use of either the Student’s t test or the Wilcoxen Signed Rank Test. Any future study or
continuation of this study should be designed to provide more independent samples of paired
data with fewer analytical non-detects.

For analytes present at close to or below detection limits, the correlation between well
types tended to be less than for analytes present at higher concentrations. This is likely due to the

02/22/01 Page 31 Final Report




influence of extraneous or uncontrolled factors on the data, (such as analytical precision,
geologic variation, and unintended minor discrepancies in screening intervals), being more
dominant at lower concentrations than at higher concentrations.

Natural variability in contaminant concentrations observed at any given well is also an
influence on the correlation between wells in a pair. For instance, the Hanscom AFB
Environmental Engineer noted that at well OW2-6, significant variation has been observed in the
same well over time. Considerable differences were observed in the analytical results of samples
collected from this well pair during the second sampling event where as little discernable
difference was observed from the first sampling event. For this reason, it would be advantageous
to obtain samples from each well in a pair over a large number of sampling events, and compare
the distribution of analytical results over time from one well to that of the other. In this way, the
variability (or consistency) of results from the two well types can be compared, as well as their
central tendency.

A wider range of geologic conditions and chemical constituents can be incorporated into
future studies by expanding the initiated program to include multiple sites with differing geology
and chemical constituent conditions. Other DOD/DOE/EPA contamination concerns include
metals, special fuels and additives (MTBE), nitroaromatics, and explosives. Additionally, future
studies should be conducted that include more sampling rounds over a longer period of time.
This will allow the comparability of well types to be evaluated in the context of long-term
performance to potentially provide additional support for the use of direct-push wells in long-
term monitoring.

Future studies should consider additional direct push well configurations, such as micro
wells. Micro-wells better exploit the advantages of direct push methods because they can be
installed to greater depths and can provide assessment of groundwater conditions with higher
spatial precision than can large diameter conventional wells with long screen intervals.
Additionally, micro-wells can include a sand pack around the wells and mud block above the
screened interval to address potential end-user concern for inclusion of this feature.

The work conducted on this study provides valuable experience for installing wells for
the purpose of long term monitoring. This report and the attached Work Plan (Appendix A) are
suitable for use in developing an ASTM standard for direct push technology well installation.

B. WELL COST

In general direct push technology has been shown to reduce site characterization costs
including costs associated with monitoring well and monitoring point installation. However, a
detailed cost comparison is often difficult to accomplish due to the differences in data products
produced during well installation, (CPT profiles vs. blow counts and/or geologist boring logs),
and the scarcity of precise cost information for existing conventionally installed wells. Although
a cost analysis was not a component of this study, future studies should include a planned cost
comparison component. If conducted where detailed cost information is available for existing
conventionally installed wells, it should provide the data necessary to conduct a cost comparison.
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MONITORING POINT ASSESSMENT WORK PLAN

INTRODUCTION
BACKGROUND

This Work Plan is presented in response to Contract Number F08037-98-C6002 SSG
Sub-task 32.03S issued to Applied Research Associates, Inc., by the United States Air Force
Armstrong Laboratory (AL/EQA). Presented in this Work Plan are the procedures and
information required for groundwater sampling and analysis in support of the assessment of
CPT-installed monitoring wells, and statistical methods to compare water samples obtained from
conventional monitoring wells and direct push wells. Also included in this work pla;n are the
procedures for monitoring well installation using Cone Penetration Technology (CPT). Although
this phase of work was completed during the initial project it is included for reference on how the
wells were installed. The Work Plan is designed to generate field and analytical results that are
reliable and achieve the quality control requirements. The Work Plan is composed of an
experimental design, a field program and an analytical program. Quality Assurance/Quality
Control (QA/QC) is addressed in the Quality Assurance Project Plan (QAPP) presented in
Appendix E. The field program defines the methods necessary for installation of monitoring
wells and proper collection of groundwater samples and associated field data. The analytical
program designates the chemical analytical laboratory to perform the analyses and identifies the
samples to be collected and the type of chemical analyses to be performed. The QA/QC program
defines measures for maintaining criteria of data quality. The Work Plan also provides a required

list of submittals and a schedule to complete the work.

PROJECT OBJECTIVES AND PURPOSE

There are almost 4,300 Air Force hazardous waste sites with anticipated cleanup and
monitoring costing billions of dollars. In hazardous waste site assessments it is necessary to
detect, delineate, and identify contaminants and to further characterize subsurface conditions.
Current practice often requires multiphase efforts with many visits, using geophysical methods as

well as soil borings and monitoring well installations. Site characterization and monitoring




contributes to one-third or more of the total remediation costs. The objective of this effort is to

validate the use of CPT-installed monitoring wells for monitoring groundwater quality.

CPT-installed monitoring point assessment will involve a rigorous sampling effort to
establish a database of water quality chemical analytical results comparing samples from
conventionally installed monitoring wells with CPT-installed monitoring points. There has been
one sampling round conducted during May and June of 1997. The goal is to obtain funding each
year to continue sample for seven sampling rounds. A statistical model has be developed to
determine if enough wells have been used in the study, if enough samples have been collected,
and to determine with statistical confidence if groundwater samples from CPT-installed
monitoring points yield analytical results comparable to those obtained from conventional
monitoring wells. All samples will be collected and analyzed according to regulatory
requirements to ensure the results of the experiment are valid. A major goal of this effort is to
validate the use of CPT-installed monitoring points for regulatory monitoring. Although CPT-
installed monitoring points have been accepted by the EPA for characterization of a groundwater
contamination plume, there is little data on the long term performance of these wells (EPA
1996). Additionally, there is little data to support the use of CPT-installed monitoring points for
characterization or long term monitoring. The results of this study will provide this needed
information, ultimately leading to widespread acceptance of the use of CPT-installed monitoring

points by groundwater professionals.

SITE DESCRIPTION

The Direct Push Monitoring Point Assessment Program is to take place at two operable
units (OU), OU-1 and OU-3 of Hanscom Field and Hanscom Air Force Base (AFB) (Figure 1).
Hanscom AFB and Hanscom Field are situated approximately 14 miles northwest of Boston,
Massachusetts, in the towns of Bedford, Concord and Lincoln. Hanscom Field is a civilian
airport currently operated by the Massachusetts Port Authority (Massport). Hanscom AFB is a

military installation located adjacent to and southeast of the airfield.

Prior to 1974, Hanscom Field was used as a military airport by the Air Force. During this

time, hazardous substances were generated by support operations and disposed of at different
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Figure 1.

Hanscom AFB and Hanscom Field test site locations. Hydrogeologic Setting.




training exercises performed at selected sites on the airfield. These sites, contained in OU-1, are
as follows:

Site 1: Fire Training Area II

Site 2: Paint Waste Disposal Area

Site 3: Jet Fuel Residue/Tank Sludge Disposal Area
Site 5: Fire Training Area L.

To assess potential soil and groundwater contamination associated with these previous
activities, Haley and Aldrich, Inc. (H&A) completed a remedial investigation culminating in a
report (“Installation Restoration Program, Phase IV-A, Remedial Investigation Report for Sites
1-5 of Area 1”) dated May 1988. This assessment detected volatile organic compounds in
groundwater in three separate aquifers. In response to these findings, a groundwater treatment
facility was installed at the airfield. The treatment facility consists of three collection trenches
located at Sites 1,2, and 3, and four bedrock interceptor wells located along the northern
Hanscom Field property boundary. Collected groundwater is pumped to an air stripping tower,
treated, and then routed to a drainage ditch, which discharges into the wetlands to the north,
and/or routed to recharge basins at Sites 2 and 3, where it is reintroduced to the groundwater.
Currently, groundwater is being collected from each of the installed trenches and bedrock

interceptor wells.

Conventional wells will be selected from Sites 1 & 2 of OU-1 listed above and from Site
21 of OU-3. Site 21, also known as the Fuels Site for this study, 1s located on Hanscom AFB,
southeast of the airfield (Figure 1). Site 21 was formerly used for fuel and gasoline storage and
distribution. Between 1945 and 1973 the site was used for jet fuel and aviation gasoline, and
during the 1970s the site was only used for heating and fuel oils. During this period, several
spills were identified in the vicinity of former buildings and areas of this site. In 1990 the storage
tanks were removed and the land is now in use as a general storage area. In September of 1995, a
soil vapor extraction and passive groundwater collection system began operation to remove

subsurface contamination.

HYDROGEOLOGIC SETTING

Hanscom Field is located on a flat-lying plain with a general relief of less than 10 ft over
a distance of approximately 3 miles. This feature is an ancient lake basin that was formed and

subsequently filled in by sediment during the last phase of glaciation in New England. The plain




extends beyond OU-1 to the north and west. To the south and east, this plain is bounded near the
limit of OU-1 by low lying hills of glacial till and gravel. Other topographic features include
Hartswell Hill and Pine Hill. These are till-covered, isolated hills located at the northern and
western boundaries of OU-1, respectively. The hills provide a relief of approximately 100 ft

above the surrounding plain.

The principal drainage features in the vicinity of OU-1 are the Shawsheen River, which
originates in the east end of the air field and flows toward the northeast, and Elm Brook, which is
located west of the airfield and ultimately flows northwest and into the Shawsheen River (Figure
1). Surface runoff at Hanscom Field is controlled by a storm drain system that includes drainage
ditches, culverts, and subdrains. This system drains into Elm Brook, the Shawsheen River and
the wetlands northeast of OU-1.

Test borings completed during an Installation Restoration Program have identified three
principle soil deposits underlying OU-1. From upper to lower, these soils are an outwash
section, a lacustrine section, and a till section. The till section is deposited above bedrock,

consisting primarily of granite, with lesser amounts of quartz diorite and gneiss.

The upper most outwash section measures 0 ft to 33 ft in thickness and consists primarily
of fine sand. Locally this unit is composed of medium to coarse sand with lesser amounts of
gravel. The underlying lacustrine section consists of interbedded silt, clay, and fine sand. The
unit varies in thickness from 0 ft to 60 ft. Beneath the lacustrine section is a till deposit which

locally grades into a lower outwash unit. This unit measures from 0 ft to 88 ft in thickness.

These geological units define three separate aquifers. The outwash section comprises the
area's near-surface unconfined aquifer. The till section, positioned beneath a thick sequence of
lacustrine clay, silt and fine sand, forms a lower, semi confined aquifer. A third aquifer has been

encountered by monitoring wells installed into bedrock.




PROJECT ORGANIZATION
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CPT TECHNOLOGY DESCRIPTION
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The Cone Penetrometer Test (CPT) was originally developed in the Netherlands in about

1934 for geotechnical site investigations. The original cones involved mechanical measurements

of the penetration resistance on a conical tip. A friction sleeve was added in 1965 (Begemann,




1965). Electronic measurements were added in 1948 and improved in 1971 (de Reister,1971).
Pore pressure probes were introduced in 1975 (Torstensson, 1975 and Wissa et al., 1975),
initially as independent sensors, but were soon incorporated with the cone penetrometer
instrumentation. The modern CPT probe contains the primary geotechnical sensors for tip stress,
sleeve friction, pore pressure along with options of an inclinometer to measure the tilt of the
probe, resistivity, soil moisture, soil pH, and redox potential. The standard 10cm? cone is used
widely in Europe for geotechnical investigations due to the soft nature of many of the European
soils. In the United States, significant efforts have been made to develop more robust CPT
probes, suitable for use in the stiffer United States soils (especially in the western states). Due to
the high cost of drilling at their contaminant sites, both the Departments of Defense and Energy
have aggressive programs to develop chemical sensors and sampling methods for the minimally
intrusive CPT (Bratton, et al., 1993; Gildea, et al., 1995; Montgomery, et al., 1996; Farrington
and Bratton, 1997).

Major components of the modern cone penetrometer system are the instrumented probe,
the instrumentation conditioning and recording system, the hydraulic push system, and the
vehicle on which the system is mounted. The common configuration provides the reaction mass
for a hydraulic push force of about 20 tons (18,000 Kg). Standardization for geotechnical
applications of the cone penetration test was established by the American Society of Testing and
Materials in 1986. This standard allows for a probe diameter of 1.44 or 1.75 inches (3.658 cm or
4.445 cm).

Using the cone penetrometer for environmental site characterization represents a
relatively recent application of the technology. Significant advantages of the CPT include:
eliminating drilling wastes and the need for treatment and disposal of drill spoils as hazardous
material; providing continuous data on the subsurface stratigraphy in real time; identifying thin
layers of significantly different hydraulic conductivity; eliminating the possibility of the crew
being exposed to the potentially hazardous material; reducing the possibility of cross-
contamination (by pressure grouting the hole as the probe is withdrawn); and speed, when
compared to conventional drilling and sampling. CPT is an excellent platform for making

continuous measurements of contaminant information with depth, is useful for pushing




monitoring sensors into the subsurface, for installing monitoring wells and points, and for taking

gas, water, or soil samples for environmental testing.




EXPERIMENTAL DESIGN
INTRODUCTION

The Direct Push Monitoring Point Assessment is an experiment to determine whether or
not groundwater samples collected from CPT-installed wells produce the same analytical results
as groundwater samples collected from conventionally installed wells. This section discusses the
design of that experiment. An experimental design was completed to ensure that the data
obtained during this experiment can be used to support any conclusions drawn from this
experiment. This section explains the reasoning behind the chosen types of wells, analytical
methods, sample collection methods and statistical analysis. It does not describe the procedural
details associated with conducting the tasks of well installation, groundwater sampling or
laboratory analysis. These procedures are discussed in the Field and Analytical Program

sections.

EXPERIMENT HYPOTHESIS

The basic experiment is the comparison of a set of parameters found in groundwater
samples collected from two separate wells installed by different methods. The hypothesis is that
there will be no difference or that there is a systematic difference and that the results between the
two wells can be correlated. By collecting a large number of samples and analyzing the samples
for various para-meters, statistics can be used to determine within a certain confidence interval

whether or not the hypothesis is valid.

MONITORING WELLS

Since this experiment is comparing conventionally installed monitoring wells to
CPT-installed monitoring wells, a description of the two types of wells is warranted.
Conventional monitoring wells are installed by first drilling a bore hole and removing the soil
from the ground. The bore hole is held open by the hollow stem augers that are used to bore the
hole. The well casing is typically constructed of schedule 40 PVC (Polyvinyl Chloride) but may
also be constructed of steel or stainless steel. Well casings are typically 2 or 4 inches in diameter
but may vary from one-half inch to 8 inches or larger. The well casing is lowered down inside

the hollow stem auger to the design depth and a sand backfill is packed around the screen




section. Above the screen section a seal is typically installed to prevent migration from geologic
units above the screen down along the well casing. This seal is typically two to four feet in
thickness and constructed of bentonite. The remainder of the hole is back filled with a cement

grout and a concrete cap is installed at the surface.

CPT-installed wells are pulled into the ground with the CPT rods and the weight of the
CPT truck as reaction mass. The details of the installation procedure are discussed in the field
program. With CPT-installed wells the choices for casing size are limited as compared to
conventional wells, since the well material has to either fit inside the push rods or fit closely
around the outside of the rods. Casing sizes are typically ¥%-inch, 1%-inch or 2-inch nominal
diameter. CPT-installed wells, which are 1% inches or larger do not have any type of sand pack
back fill. The ¥%-inch wells may have a sand pack since the well is carried into place on the

inside of the rods. The sand pack would take the place of the rods as the rods are extracted.

The well screen section on both wells varies in length depending on the requirements of
the well. Openings in the screen, typically called slots, allow the water to pass into or out of the
well. The slots are designated by the width of the slot, typically 0.010 inch or 0.020 inch
(10-Slot or 20-Slot respectively).

In designing the experiment, the number of variables influencing the groundwater
samples was minimized to limit the comparison to the installation technique and the not the well
configuration. For that reason, the geometry of the CPT-installed wells was matched as closely
as possible to that of the conventionally installed wells existing at the sites. The conventionally
installed monitoring wells at Hanscom AFB and Hanscdm Field are typically 2-inch diameter
schedule 40 PVC wells with a 10-slot (.010-inch) or 20-slot (0.020-inch) screen size; the screen
length varies. Table 1 contains a list of wells installed at Sites 1 and 2 of OU-1 and Site 21 of

OU-3 showing the well and screen construction.
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Table 1. List of Potential Wells for Sites 1, 2 and 21 with Well Properties.

Direct Push Wells Conventional Wells
Total Meas. VOC Screen Screen
Well Site DPW CMW Total Top Bottom Silt Total ‘?op Bottom Siot
No. ARA ARA H&A Depth Depth Depth Trap Depth Depth Depth Size

(ugh) (ug/h) (ugl) |(feet B.G.S)|(feet B.G.S)| (feet B.G.S)| (feet) |(feet B.G.S.](feet B.G.S.J(feet B.G.S.] (inches)
Site No. 1 & 2
B101-MW 2 3.2 3.7 21.83 2.15 1855 | 3.28 18.50 3.50 18.50
B102-MW 1-2 21.3 3.9 uf 17.23 4.35 14.19 | 3.28 14.00 3.00 14.00
B105-MW 2 86.6 94.8 5.0 18.13 11.57 14.85 | 3.28 15.00 5.00 15.00
B107-MW 2 1.7 49 2.8 17.21 4.09 13.93 | 3.28 14.00 4.00 14.00
B109-MW 2 38.2 410 26.2 62.61 59.33 6261 | no 69.00 59.00 69.00 | -
B130-MW 2 73.4 110.6 u-7/98] 1715 4.03 13.87 | 3.28 14.00 4.00 14.00
B238-MW 1 H 7.0 57 ul 1027 4.09 1065 | no 1200 | . 500 10.00
B241(S) 1-2 3.7 12.2 ul 1825 5.13 1497 | 3.28 17.00 3.00 16.00
RAP1-4S 1 5.2 7.6 | 21j-7068] 14.63 1.87 | 14989 | no 14.70 0.00 14.70
RAP1-6S 1 H 49 61.1 27.0 17.88 1.83 1495 | 3.28 14.50 0.00 14,50
RAP2-25 2 H 662.5 1055 |.1.3-7/06] 2284 316 | - 1956 | 3.28 19901  0.00 19.90",
RAP2-2T 2 H 9489 | 1039.7 | 1400.0 62.19 55.63 6219 | no 75.30 60.10 | .. 75.30
RAP2-3S 2 H 3.1 547 | wu-7m8] - 27.00 076 | ~2372 328 | 2360 .  0.00
RAP2-48 2 76.7 68.0 2452 | 484 2452 | no 25.00 0.00
ow2-1 . 2 1275 | 1072 | o848 | 1162 1490 | 328 | 1500 | .. 10.00
ow24 2 3623.7 25.2 33.35 23.51 30.07 | 3.28 30.00 25.00
OW2-6 2 42889 | 4224.1 123140 |  13.26 19.82 | 3.28 | "20.00 '15.00
ow2-7 2 329 213.0 23.49 13.65 2021 | 3.28 20.00 15.00 B
RFW-11 2 319.0 135.7 21.0 20.34 7.22 17.06 | 3.28 17.20 | 7.20 17.20 | 770.02"
Site No. 21 = R
B39 ; 21 | '™ 9.4 92 ) 1 ..1754 770 | 1754 | no 2000 | 10.00 20.00
B42 21 { M 41 39 | | 1528 594 | 1578 | no | 15.00 5.00 15.00
MWZ:5 - 21 | L 36 18 |7 ] 2041 | 1057 | 2041 | no | 72000 -10.00 20.00
Mwzs | 21 H 862.4 226.1 | | 1878 8941 1878 | no 18.50 8.50 18.50
MWZ-7 o0 121 | B} 2882 |57 | Tl o 1403 747 T 1403 ) no | ¢ 190007 "s.00 | 19.00:
MWZ-11 21 H 1713 119 19.93 10.09 19.93 | no | 2200 1200 22.00 |
MWZ12775 0 21 H O} es9 | es3 | 20087} 1024 | 12008 ] no | 2000} 1000 | 20,0077
MWZ-17 21 M 29.9 257 18.94 9.10 18.94 | no 20.00 | 10.00 20.00 |
ow-27 " i e f LT 08 } o9 |- 1637 - 6.89 -16.73 § 'no ] 20,00} TT7.00 | 20.00 |77

There are some minor differences between the CPT-installed wells and the conventicnally
installed wells. During CPT well installation the stresses on the PVC well material are great, so
typically schedule 80 PVC is used instead of schedule 40 PVC. This results in a small difference
in well inner diameter. All of the CPT-installed wells have a slot size of 0.020 inches. We have
found that with the larger slot size we can more efficiently remove the fines from the geologic
material during the well development stage. Since a CPT-installed well does not have a sand
pack around the well, aggressive well development was performed to remove the fines from the
material effectively creating a natural sand pack around the well. Also, in some cases a silt trap
will be installed on the CPT-installed wells even when one does not exist on the conventionally
installed well. Installing a silt trap is common practice and particularly helps maintain the
effective screen area in CPT-installed wells. On the conventionally installed wells a silt trap may

not have been installed if the geologic material has a low silt content. In this case a silt trap
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would not be needed because of the clean sand pack installed around drilled well screens. CPT-
installed wells do not have a sand pack around the screen to reduce silt infiltration so even low
silt content material will have silt infiltration and the silt trap allows the silt to collect below the
screen interval away from the sampling zone. A circumstance in which a silt trap will not be
installed on the CPT-installed wells would be when the bottom of the screen of the existing well
Was installed at the bedrock elevation. In this situation the bottom of the screen of the CPT-
installed well would also be installed as close to the bedrock as possible, leaving no room for a

silt trap.

SAMPLE PARAMETERS

During groundwater sampling programs several water quality parameters can be
measured, depending on the objectives of the program. These parameters include chemical
constituent concentrations and general water quality measures such as temperature, pH, dissolved
oxygen, and turbidity. Chemical constituent concentrations are determined in the laboratory,
typically by Gas Chromatography (GC) analysis. General water quality measures are typically

measured in the field with portable equipment.

There are two classes of volatile organic compounds present in the groundwater at
Hanscom AFB. Previous sampling rounds have identified primarily halogenated hydrocarbons at
Sites 1 and 2 from chlorinated solvent contamination, and aromatic hydrocarbons at site 21 from
jet and diesel fuel contamination. From a review of the previous sampling round results, we have
selected a list of analytes, presented in Table 2, that encompasses both the halogenated and
aromatic hydrocarbons. We have choseﬁ this list because we know that these analytes are
present at the sites in varying concentration levels from non-detect up to as high as 21,000 ppb.
Also presented in Table 2 are the Maximum Contaminant Limits (MCL) and the estimated
quantitation limits (EQL) that will be reported by ARA’s laboratory during this study. The
MCLs are reported in the “Drinking Water Regulations and Health Advisories” (USEPA 1996)
publication and the EQLSs are determined from the method detection limit (MDL) study
performed by ARA’s laboratory. The Method Detection Limit study is discussed later in the

Laboratory Program section.
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In addition to the contaminant concentration of the target analytes (presented in Table 2),
the water quality parameters measured during the sampling process will also be included in the
statistical comparison of the two wells. These parameters, which include temperature,
conductivity, dissolved oxygen, pH, and turbidity, are measured periodically during purging
before the actual sample is collected. According to the sampling procedure, the well is purged
hntil these parameters stabilize, and then the sample is collected. The last set of general water

quality values measured before the sample is collected will be used in the statistical study.

Samples will be collected in pairs from selected CPT-installed wells and their

corresponding conventional wells at OU-1 (solvent site, sites 1 & 2) and at site 21 (the fuels site).

Table 2. Truncated Target Analyte List.

Estimated
Analyte MCL Quantitation Limit
ug/l ug/Il
1, 1-Dichioroethane 5.0 2.5
trans 1, 2-Dichloroethene 70.0 10.0
cis 1, 2-Dichloroethene 70.0 10.0
Trichloroethene 5.0 2.5
1,4-Dichlorobenzene 75.0 10.0
Benzene 5.0 6.7
Toluene 1000.0 “10.0
o-Xylene 10000.0 10.0
Vinyl chioride 2.0 18.4

GROUNDWATER SAMPLING METHOD

There are many different sampling procedures currently in practice for sampling
programs. The needs and objectives of the program often dictate the type of sampling method.
The objectives of this sampling program are to collect water samples from wells that have a two-
inch diameter. The groundwater table varies from 2 feet to 20 feet below the ground surface.
The contaminants of concern are all volatile organic compounds, and the primary concentration
range is near the action MCL level. Additionally, since the study is an experiment to support and
validate the use of CPT-installed wells, the sampling procedure should be supported by the

scientific community. For this study, we have selected the relatively new technique published by
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the EPA Region I in July, 1996. This technique, titled, “Low Stress (low flow) Purging and
Sampling Procedure for the Collection of Groundwater Samples from Monitoring Wells,” is
included in Appendix B of this document. EPA publication, “Low-Flow (Minimal Drawdown)
Ground-water Sampling Procedures”, which is referenced in the EPA Region I publication, has

also been included in Appendix C for reference purposes.

LABORATORY ANALYSIS

ARA will use a modified EPA Method 8021 for sample detection with EPA Static
Headspace Method 5021 for sample introduction to analyze the groundwater samples for the
truncated analyte list presented in Table 2. Method 8021 was selected because it includes both

the halogenated and aromatic hydrocarbons allowing all of the samples to be analyzed with one

GC method.

Split samples will be collected for Quality Assurance/Quality Control (QA/QC) and sent
to Inchcape Testing Services, Environmental Laboratories in Colchester, Vermont for analysis by
EPA Method 8260 (GC/MS). The QA/QC samples and procedures for groundwater sampling

and analysis are described in the Quality Assurance Project Plan included in Appendix E.

STATISTICAL DATA ANALYSIS

Analysis of the chemical and field sampling results will consist of a statistical analysis of
the difference between the samples collected from the CPT-installed wells and the samples
collected from the conventionally installed wells. This section describes the formulation of the

statistical analysis.

Statistical Hypothesis

The primary hypothesis of interest is that there is no difference between CPT-installed
monitoring well (cw) and conventionally installed monitoring well (mw) samples of groundwater
chemical constituent (GWCC) data. Because of spatial variability in GWCC data, the test on
measurement differences (D=cw-mw) between cw and mw pairs will be based on pairs that are
immediately adjacent in the field. This approach removes the variance inflating effect of an

expected positive covariance between the measurements and improves the precision of the test.
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The variance of the differences is that is the sum of the two variances minus twice the covariance
(Steel & Torrie, p. 78).
Z(cw X mw)

S§2=82,+S82 -2 —

(1
Where Sdz, Scwz and S,,,w2 are the standard deviation of the difference, the cw samples and the mw
samples respectively. The usual form for the hypothesis of no difference is H,:u(D)=0. That is,
the expected mean difference is zero, with test statistic:

> D |
«/ﬁxS‘, @

A ¢ statistic with n-1 degrees of freedom and S, is computed as:

_ny.D’ (¥ D)

n(n-1)

T=

S

3)
(Walpole & Myers, p. 252).

The difference, D, is usually taken to be the simple difference (cw-mw in this case), and is
assumed to be normally distributed, but "Since the data will generally be concentrations and
since concentration data are often found to follow the log-normal distribution, the log
transformation is suggested if substantial violations of the assumptions are found in the analysis
of the original data" (USEPA, 1989). The cw and mw measurements of concentrations should be
bounded below by zero, not normally distributed, and producing no guarantee that their
difference is normally distributed, which it would be if cw and mw were each normally
distributed. The problem of non-normality is much less likely to occur by taking D, the
difference, to be In(cw)-In(mw) and constructing 7 and Sy from that. The null hypothesis, Hy,
now concerns a difference in log space and translates into original space as
Hy:median(cw)/median(mw)=1. To show this to be true, consider how Hj, in its original form,
“H,:u(D)=0", is now equivalent to "u(ln(cw))—p(ln(mw))=0"', since saying "the mean difference
is 0" 1s the same as saying "the difference of the means is 0." This follows from standard

probability theorems concerning expectation (means) (Feller, p. 222):
w(a*Y)=a*u(Y), aconstant, and @

(X +7) = p(X) + u(Y) Q)
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To apply them here, let a = -1 and X and Y be In(cw) and In(mw), respectively. What
this easily tested hypothesis in the log space implies for the original measurements is not so
straightforward. Since In(cw) and In(mw) are assumed to be normalized transformations of cw
and mw, they should be centrally mounded and more or less symmetric, which is to say the mean,
median, and mode (the three measures of the distributions' “centers”) should coincide, within -

each of the two normalized distributions.

For normal distributions, one can replace hypotheses about means with ones about modes
or medians, since they are all the same numbers. This is not true when we leave the log space,
chosen for the convenience of doing a “paired t-test,” exponentiate the test results and try to
come to a conclusion about the original measures of interest, cw and mw. The likely distribution
of the cw and mw measurements is log-normal, that is, bounded below by zero, mounded to the
left, asymmetric (skewed) and unbounded (at least in theory) to the right. Under the t-test
assumptions, they would be log-normal: X is log-normal <=> X=exp(¥) where ¥ is normal and
Y=In(X). As with any such skewed distribution, the three measures of the “center” are separated
with the mode to the left, mean to the right, and median between them. That exponentiating Hy
should leave us with Hy:f{cw)/fimw)=1, an hypothesis that the ratio of functions of cw and mw is
1, should be clear, but what is function, f? The mean and mode of a log-normal are functions of
both the mean and variance of the underlying normal and, so, are independent of Hy; only the

median is not. In fact, for X a log-normal, median(X)=exp(u(/n(X)) (Hald, p. 161).

‘Test Method

On the expectation that the number of pairs of wells to be tested exceeds 15, an estimate

of how many pairs are required can be obtained by computing:

4xS;
" Bound*

©)

where Bound is the desired 95% error on the estimate of the mean expected difference, (i.e.,
— — D
P(u(D) is contained in [ D + Bound])=.95, where D = Z—- and is the estimator of (D), the
n
expected difference of the logs, or, the log of the expected ratio of the medians). Choice of

Bound affects N and represents minimally acceptable median ratios:
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Bound=In(2) = 6931472 <=> Reject H, 7

if the ratio of the medians < 0.5 or > 2.0,

Bound=In(10)=2.3025851 <=> Reject H (8)
if the ratio of the medians < 0.1 or > 10.

Choosing N appropriately guarantees a 5% or less chance of being wrong about the validity of
Hy, since, if it is true, 95% of In(ratios) fall within £Bound. The estimate of S, also affebts N and
must be computed from an initial group of pairs of wells that were planned as a minimal
experiment from the outset. A (1-alpha)100% confidence interval for the true variance is

estimated by:

(n-182 (n-1)S2

(2) »(5Y ?
X\2) *\ 3

where y are tabled values of the Chi-Squared distribution (Walpole & Myers, p. 217).

Multiplying both upper and lower bounds by gives a similar confidence interval for N.

4
Bound?
After N pairs of log differences are obtained they will be tested for normality, using the Shapiro-

Wilk test (Shapiro & Wilk, pp.591-611, Royston, pp.115-124). If they are normal, the test
statistic 7, above, will be computed and ¢ test performed. If not normal, a nonparametric test,
such as Wilcoxon's signed rank test can be used to test H, (Conover, Iman, pp.795-806). If the
‘log differences are not symmetrically distributed, as would be the case if median(D) were not
contained in /D + Bound], then a less powerful nonparametric test like the sign test must be
used, since "The assumption (for Wilcoxon's test) is that each difference is from some symmetric
distribution" (Steel & Torrie, p. 403). Tests will be performed using SAS (SAS Institute, pp.625-
628).

If Hy is rejected, an analysis of variance-driven model selection procedure could be
employed to find a transformation to reliably estimate mw readings from cw and cone

penetrometer data. To do so would probably require more data pairs to be collected as well as
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data on any exogenous variables thought to be affecting the readings. The mean squared error for

2
errors
such a transformation model ought to be very small and would be roughly the zn—— , Where

n = the number of data pairs and p = the number of parameters in the model estimated from the

same data.

18




FIELD PROGRAM
SITE RECONNAISSANCE

During the site reconnaissance approximately 20 monitoring well pairs will be selected

based on the chemical and geological data from the existing conventionally installed wells.

MONITORING WELL INSTALLATION
Field Documentation

Field documentation was maintained during the installation of monitoring wells.
Associated standard CPT data included a Daily Log Sheet Form. This form was filled out by the
crew chief. The standard example of this form is provided in Appendix A. A monitoring well
installation report was completed for each well installed. The report form shown in Appendix A

was filled in during the installation of the well.

Depths and Locations

Approximately 20 locations will be selected from the Wells listed in Table 1. The pump
will be placed at depth which is the higher of the midpoint of the screen or two feet above the

bottom of the well and two feet below the water table elevation.

‘Well Installation Method

CPT-installed monitoring wells were installed according to standard installation
_procedures developed by ARA. A schematic of this well installation procedure is presented in

Figure 2.

Before new wells were installed a 1.75-inch standard CPT cone was pushed to the
designed well completion depth. This first push measured the geologic conditions at that
location and provided a guide hole for the larger diameter well. During the first push the CPT
data was acquired and stored during penetration and a field plot was generated at the completion

of the penetration.

Wells were installed by threading into one end of the one-meter silt trap section a

sacrificial stainless steel or high-strength plastic tip, which acted as the drive point. When the
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sump was not used the sacrificial tip was threaded onto the first screen section. The screen
sections were threaded onto the other end of the silt trap section and to each other as the drive
point was lowered to the ground. Once on the ground, the steel push rods, with a blunt tip
attached, were lowered inside the well material until the blunt end rests behind the sacrificial tip.
Enough rods were added so that the end of the rods extend beyond the top of the well material
énd the head clamp could clamp the rods and not the well material. Installation began as the rods
drove the sacrificial tip into the ground, pulling the well material into the ground with it.
Additional screen and riser sections were added as necessary until the screen section was at the

designed depth.

At the completion of advancement the rods were removed from the well and a depth
indicator was lowered down the well to determine the total depth of the well. This information
was recorded on the well installation report. During removal of the rods, the rods were
decontaminated using the CPT rig's steam cleaner. Water generated during the rod
decontamination process was containerized in 55-gallon drums and delivered to the on-site

groundwater treatment facility for disposal.
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During Installation After Installation
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L — 1.75” CPT Push Red
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| 1
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Figure 2. Schematic of 2-inch diameter PVC well installation with Cone
Penetration Technique (CPT).

Well Screen and Riser

Wells are constructed of 2-inch diameter schedule 80 PVC with flush threaded joints.
Each section is one meter (3.28 feet) long, has an outside diameter of 2.375 inches. As discussed
in the Experimental Design section the well screen were constructed of 0.020-inch slot schedule
- 80 PVC and are configured to match as closely as possible the existing conventionally installed
well screen top and bottom elevations. There are some minor differences in thé construction of

two wells, which have been noted in the experimental design section.

Surface Seal

After the well is installed a flush mounted manhole cover was installed and set in an
eighteen (18) inch square concrete cap. The well riser was cut approximately 2 to 3 inches below

the top of the cap before the manhole cover and cap were installed.
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DEVELOPMENT OF MONITORING WELLS
Objectives

Newly installed monitoring wells were developed following their completed installation.
Well development is designed to promote the free movement of groundwater through the well

screen so that representative groundwater samples can be obtained.

Development Procedures

Development of CPT-installed monitoring wells was conducted with the Aardvark well
development system. This system is a combination of a mechanical surge block and a venturi air
lift silt and water pump. The Aardvark system was cleaned in a liquinox water bath before each
use to avoid cross-contamination. Development was achieved by raising and lowering the
Aardvark development head in the well repeatedly over a two-foot section of the well screen.
During this process field readings were taken of the purge water's temperature, pH, and turbidity
at a rate of 1 reading per removed well volume. Field parameters were measured with a YSI
Model 6820 field water quality tester. Instrument specifications and calibration procedures are
included in Appendix D. The Aardvark process continued until these parameters stabilized (less
than 0.2 pH units or a 10 percent change for the other parameters among four consecutive

readings) and the water was clear and free of fines.

Well Development Records

Well development records were maintained by completing the Well Development Log,

found in Appendix A, for each well.

Management of Purge Water

Purge water generated during the well development process was containerized in 55-

gallon drums and delivered to the on-site groundwater treatment facility for disposal.
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GROUNDWATER SAMPLING
Sample Collection

Groundwater samples will be collected from monitoring wells using the EPA Region I
Low Flow Groundwater Sampling Procedures as described in the publication included in
Appendix B. The EPA document “provides a general framework for collecting groundwater
samples that are indicative of mobile organic and inorganic loads at ambient flow conditions”
(EPA 1996). This document will serve as the procedural guide for sampling unless superseded

by procedures outlined in this section.

Samples will be collected using a stainless steel non-dedicated Grundfos Redi-flow™
submersible pump or other pump accepted by the method. Since the pump is non-dedicated, it
will be decontaminated before each sampling round and after each well is sampled according to
the procedures outlined below. Water levels will be measured using a Solinst (or other
acceptable) water level meter calibrated to 0.01 feet. The instrument probe will be
decontaminated before each measurement by soaking with a Liquinox " solution and rinsing with
tap water and again with distilled water. Field water quality parameters will be measured using a
YSI Model 6820 sonde with a flow-through cell. Instrument specifications and calibration

procedures for the 6820 are included in Appendix D.

Each sampling round will be initiated by collecting one set of piezometric data from each
well included in the study. Piezometric data will be collected in one site-wide survey, before
groundwater purging and sampling begins. Piezométric data will be recorded in bound field log

books. The example format for recording piezometric data is provided in Appendix A.

Prior to collection of groundwater samples, water will be purged from the well until field
measurements of turbidity, conductivity, temperature, dissolved oxygen, and pH stabilize. Purge
procedures and stabilization guidelines are also covered in Appendix B. Field parameters will be
recorded at regular intervals (at least once per well volume) with the specified water quality tester
using a flow-through cell. This instrument will be calibrated at the start of each sampling day
and after extended periods of non-use. Field data collected during purging shall be recorded on

the Groundwater Sampling Log, provided in Appendix A.
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For each well the Redi-flow pump will be positioned, as described in Appendix B, at the
mid-point of the screened interval. If this location is less than 2 ft above the bottom of the well,

then the pump will be positioned at 2 ft above the bottom of the well.

Purge water generated during the groundwater sampling and decontamination water will
be containerized in 55-gallon drums or polyethylene equivalent and delivered to the on-site

groundwater treatment facility for disposal.

Sampling Equipment Decontamination

All sampling equipment will be decontaminated before the beginning of each sampling
round and after each well is sampled. Decontamination of the equipment reduces the risk of
worker exposure, reduces the risk of cross contamination and insures collection of representative

samples. The procedure summarized below is Procedure Number 2 in Appendix B.

If dedicated tubing is not use, the outside of the sampling tubing will be decontaminated
during retraction of the sampling pump. When the pump has been removed from the well it will
be placed in a water and liquinox bath. Three pump volumes will be pumped through the pump
and sampling tubing (if non dedicated). This process will be repeated for two baths of tap water

rinse and again in a bath of reagent free water.

Sample Containers

Each sample will be collected in a 40-ml glass vial with Teflon-backed septum.
Purchased sample vials will be pre-cleaned and suitable for purgeable volatile orgarxic analysis

(PVOA).

Sample containers will be filled such that no air is retained within the sample vial. The
absence of headspace will be verified by turning the capped vial upside down and tapping the lid
while watching for bubbles. Sample labels with requisite identification data will be affixed to
each vial. Each sample set of more than one vial will be placed in a single plastic bag. The
plastic bag will be of the re-sealable type or will be sealed with clear tape. Filled sample vials
will be stored at four degrees centigrade in a refrigerator or ice-containing insulated cooler until

delivery to the analytical laboratory.

24




Sample Identification

Field samples and associated QA/QC samples will be labeled with the date and time of
collection, sampling personnel’s initials, well ID and depth, and a unique sequence number. The

same information will be recorded in the field sampling logbook.

Sample Preservation

Samples will be preserved with hydrochloric acid (HCI). Water at the site will be tested

to determine how many drops are required to increase the acidity to 2 pH units.

Samples to be analyzed by the certified laboratory will be packed into a separate cooler at
the end of the sampling day. This cooler will be packed with a bottom layer surrounding the
sample containers. A Chain-of-Custody Form will be signed and placed in a resealable plastic
bag within the cooler and the cooler will be sealed with tape and a Chain-of-Custody Seal, such
that the seal must be destroyed before accessing the cooler. The cooler shall be shipped to the

laboratory by overnight express (or equivalent) mail from the field.

Holding times for samples sent to both ARA’s laboratory or the QA/QC laboratory will

not exceed 14 days.

Chain-of-Custody Records

Chain-of-Custody Forms will accompany all samples delivered to each laboratory. The

forms will list the number of vials of each size contained in each cooler. They will be signed and

dated by field persdnnel at the time of packing for shipment from the field, and by laborétory

personnel at the time of receipt in the laboratory. An example Chain-of-Custody Form is

provided in Appendix A.

FIELD QUALITY ASSURANCE/ QUALITY CONTROL

Quality assurance procedures will be implemented to evaluate if quantitative and
qualitative information is accurately represented. These procedures are outlined in detail in the
Quality Assurance Project Plan (QAPP) in Appendix E and include QA/QC samples to be
collected and analyzed in addition to the samples collected for the study. These samples are

briefly described below and are summarized in Table 3.
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Table 3. Field QA/QC Sampling Schedule.

Number of Samples/Event

Sample Description Frequency Solvent Fuel Total
(Sites 1&2)| (Site 21)

Experiment Samples 30 10 40

QA/QC Field Samples
Trip Blanks 1 /event/cooler 2 1 3
Field Equipment Blanks 1 /event/cooler 2 1 3
Field Duplicates 5% 2 1 3
Ambient Background Samples 1 /eventsite 1 1 2
Field Replicates (for independent lab) 20% 6 2 8
Total Samples collected/Event 43 16 59

Field Duplicates

Field duplicate samples will be collected for five percent (5%) of the total number of
samples collected. Duplicates will be collected by discharging from the same pump volume, first
into the original sample container and then into the duplicate container. They will be identified
as field duplicates on the Chain-of-Custody Forms. They will be analyzed by ARA in the same
manner as all other samples. The results of analyses of the field duplicate samples will provide a
measure of the precision (repeatability) of the field sampling methods and ARA’s laboratory

analytical methods.

Field Replicates (Split Samples)

Split samples will be collected from twenty percent (20%) of the total number of samples.
Split samples will be collected from both the CPT installed well and the conventionally installed
well. Splits will be sent to a certified laboratory for analysis by EPA Method 8260 to evaluate
the analytical performance of ARA’s laboratory. Splits will be collected in the'same manner as
field duplicate groundwater samples. The results of analyses of split samples will provide a
measure of the precision (repeatability) of the field sampling methods and the accuracy of the

laboratory analytical methods.

Trip Blanks and Field Equipment Blanks

One trip blank and at least one field equipment blank will be prepared for each sample
cooler returned from each sampling event at the site. Trip blanks will be prepared in ARA’s
laboratory using the same analyte-free reagent water as used in the preparation of check standards

and instrument blanks. Equipment blanks will be prepared in the field by passing analyte-free
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water through all decontaminated sampling equipment in the same manner that a groundwater
sample must pass. Water will be provided by the laboratory. The use of equipment blanks

validates the effectiveness of equipment decontamination procedures.

Trip blanks and equipment blanks must be handled, transported, and analyzed using
identical procedures as those used for regular groundwater samples. One trip blank must
accompany each sample cooler, including split sample coolers shipped to a level III certified

laboratory.

Matrix Spike and Matrix Spike Duplicate Samples

As mentioned above Field duplicates will be collected for five percent (5%) ‘6f the total
number of samples collected in the field to provide analytical qualfty control samples to the ARA
laboratory. These field duplicates will be used to prepare Matrix Spike and Matrix Spike
Duplicate (MS/MSD) samples in the laboratory and will be identified as field duplicates on the
Chain-of-Custody Forms. These samples will help identify matrix effects on spiked analytes of

known quantity, as well as the laboratory's precision in recognizing matrix effects.

Ambient Background Samples

Two background samples will be collected during each sampling event. These samples
will be collected from a well independent of the study wells and known to be up gradient of the
contaminate plume. These samples will be used to establish the background environment for the

study.

EQUIPMENT AND MATERIALS
Well Installation:

e CPT Truck with Support Truck
e Standard 1.75 Piezo Cone and Acquisition System
¢ One-meter long 2-inch diameter schedule 80 PVC, 20 slot screen sections,
4 TPI (M/F)
o One-meter long 2-inch diameter schedule 80 PVC, 20 slot riser sections, 4 TPI

(M/F) ,
e CPT well installation disposable drive point
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Well Development:

Support Truck

Aardvark well development system

55 gallon drum or polyethylene tank for purged water disposal
Water quality tester, and water level meter

PID

Sampling

Grundfos Redi-flow pump and controller, or other acceptable pump
Water quality tester

Sample Shipping Coolers

Plastic Bags

Ice Packs

Sample Vials

Photo Ionization Detector
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LABORATORY PROGRAM
ANALYTICAL METHODS

Chemical analysis of field samples will be performed for selected compounds using EPA
method 5021 siatic head space sample concentration and modified EPA method 8021 for the
analysis of volatile organic compounds in water. Modifications to method 8021 will include the .
use of a capillary column in place of a packed column, truncation of the standard analyte list, and
substitution of a flame ionization detector (FID) in place of a photo-ionization detector (PID) in
parallel with an electron capture detector (ECD) in place of a electrolytic conductivity detector.
The truncated target analyte list will include only the purgeable halocarbons and aromatics

presented in Table 2.

Split samples for laboratory Quality Assurance/Quality Control (QA/QC) will be sent to
Inchcape Testing Services Environmental Laboratories in Colchester Vermont. Analysis of splits
will be performed using Gas Chromatography/Mass Spectrometry (GC/MS) following EPA
Method 8260 with the same modified analyte list presented in Table 2.

As specified by the analytical methods sample holding times for samples sent to both
ARA'’s laboratory and the QA/QC laboratory will not exceed 14 days. Sample vials will be pre-
preserved with hydrochloric acid (HCI). A sufficient amount of acid will be added to the vials to

reduce the pH of each sample to less then 2 pH units.

- INSTRUMENT CALIBRATION

The Gas Chromatography (GC) equipment used by ARA will be calibrated according to
the procedures specified in EPA method 8021. For each analyte of interest, a five point
calibration will be developed including one at a concentration near, but above the method
detection limit. The other concentrations will correspond to the expected range of concentrations
found in the actual samples or will define the working range of the detector. A linear calibration
curve will be derived for each analyte by a least squares best fit through the five calibration
points plus the origin. The calibration curve is considered acceptable if the correlation
coefficient is greater than or equal to 0.995. Retention time windows will include plus or minus

three standard deviations of the mean retention times for each analyte measured over a 72 hour
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period. The instrument will be re-calibrated under two conditions: before analyzing the samples
from each sampling round, and upon failure of a quality control check as discussed in the Quality

Assurance Project Plan (QAPP) presented in Appendix E.

CALIBRATION STANDARDS

Calibration standards will be prepared according to the procedures specified by EPA
method 8021B. Stock standards will be prepared from pure (neat) standards, prepared as
specified in the method, or purchased as certified solutions. Dilution’s of any of the purchased
standards will be performed using Level A precision glassware and reagent-free water that has
been analytically demonstrated to be free of target analytes within the minimum detection limits
for the method. Retention time windows for all of the individual peaks will be identified by
analyzing 10-ppm dilution’s of each of the individual target analytes in accordance with the
procedures outlined in SW846 method 8000. Calibration check standards will be run at a rate of
one every ten samples and will include each of the target analytes at a concentration of 20-ppb.
These standards will be made up independently from the dilution’s used to make the calibration
standards. All calibration standards will be purchased from Supelco, Inc., a commercial
chromatography supplies vendor located in Bellefont, PA. The normal level of certification that

accompanies all of Supelco’s standards is acceptable for the purpose of this project.

METHOD PERFORMACE
Method Detection Limits

EPA Method 8021 specifies method performance criteria assuming a photo-ionization
detector (PID) and a Hall electrolytic conductivity detector (HECD) are used in series. Since we
are using different detectors (e.g., flame ionization detector (FID) and an electronic capture
detector (ECD)) in parallel as a modification of Method 8021 it was necessary to conduct an
instrument specific method detection limit (MDL) study.

The MDL study was conducted in ARA, New England Division’s Environmental
Laboratory. The instrument configuration consisted of Tekmar 7000 Static Headspace sampler
connected directly via a heated transfer line to the split/splitless capillary injection port of an

Hewlett-Packard 5890 series I gas chromatograph equipped with electronic pressure control
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(EPC). The injection port was run in splitless mode to optimize the detection of trace analytes.

The MDL study results are presented in Appendix F of this Work Plan.

Estimated Quantitation Limits

EPA Method 8021 states that the estimated quantitation limit (EQL), which is the
minimum concentration that can be reported with reasonable accuracy, is determined as the MDL
for each analyte times a response factor. The response factor (which is dependent on the sample
matrix) for groundwater and this method is 10. These EQLs are reported in Table 3 in the

Experimental Design section.

LABORATORY QUALITY ASSURANCE/QUALITY CONTROL

A comprehensive Quality Assurance Project Plan (QAPP) to assure quality in both
sampling and analysis has been developed and is presented in Appendix E. The QAPP addresses
quality assurance associated with all aspects of sampling and analysis of samples. As addressed
in the QAPP, the criteria of completeness, representativeness, precision, and accuracy are used to

assess the quality assurance measures of the project.

Completeness is a measure of the amount of valid data obtained from a measurement

system compared with the amount that was expected under normalized conditions.

Representativeness (a sample exhibiting average properties of the whole) is determined
by the sampling procedures and proper selection of sampling points. Representative samples will
be maintained by collecting all samples following specific procedures provided in the Field

Program.

Precision for this sampling program will be assessed by analyzing field duplicate samples
submitted to ARA’s laboratory. These samples will be analyzed using the same procedures as
the rest of the samples. This will provide assurance of both the repeatability of sampling

procedures and the precision of the analytical effort.

Accuracy is a quantitative measure of the bias of a method or the level of agreement

between a measurement and a known true value. Laboratory accuracy will be evaluated using the
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results of matrix spike and matrix spike duplicate (MS/MSD) sample analysis. Additionally

accuracy will be addressed by sending splits from 20% of the samples to an independent

laboratory. Laboratory accuracy will be maintained in accordance with the EPA standard

methods used, as provided in the EPA Solid Waste Manual SW846.

Laboratory analytical quality will be assured through the performance of specific QC

checks and procedures described in the QAPP. These procedures include the use of method

blanks, laboratory control samples, and matrix spike samples. A summary of all samples to be

analyzed by ARA’s laboratory is presented in Table 4.

Table 4. QA/QC Analysis Schedule for Groundwater Samples.

Number of Samples/Event

Sample Description Frequency Solvent Fuel Total
(Sites 1&2)| (Site 21)
Experiment Samples 30 10 40
ARA Internal QA/QC Field Samples
Trip Blanks 1 /event/cooler 2 1 3
Field Equipment Blanks 1 /event/cooler 2 1 3
Field Duplicates 5% 2 1 3
Ambient Background Samples 1 /event/site 1 1 2
ARA Internal QA/QC Lab Samples
Method Blanks 5% 2 1 3
Laboratory Control Samples 5% 2 1 3
Matrix Spike (MS) Samples 5% 2 1 3
Matrix Spike Duplicate (MSD) Samples 5% 2 1 3
Total Samples for ARA Lab per Event 45 18 63
_ Total Samples for ARA Lab 45 18 63
Modified EPA Method 8021, Static Headspace Method 5021
Independent QA/QC Lab
Field Replicates (Splits) 20% 6 2 8
Trip Blanks 1 /event/cooler 1 1 2
Total Samples sent to QA/QC Lab per Event 7 3 10
Total Samples sent to QA/QC Lab 7 3 10
EPA Method 8260, EPA Method 5030 Purge and Trap
TOTAL SAMPLES 52 21 73
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Method blanks will be made from the same reagent free water used in the preparation of
calibration standards. Laboratory control samples will be prepared in the same manner as
calibration standards, but using standards purchased from a separate vendor, or prepared in the
laboratory from neat analyte stock. One method blank, one mid-level laboratory control sample,
and one matrix spike/matrix spike duplicate (MS/MSD) pair will be analyzed for every twenty
groundwater samples (5%). If any analytes are found in a method blank above the method
detection limit, or if the recovery of any laboratory control sample deviates by greater than fifteen
percent from complete recovery (i.e. less than 85% or greater than 115%) the given QC sample
will be re-analyzed. If a second analysis fails this quality control check, the instrument must be

re-calibrated and the last twenty samples re-analyzed.

The matrix spike samples will be prepared from the field duplicates collected for this
purpose, as indicated by field personnel on the Chain-of-Custody Forms. These samples will be
spiked with the same standard (i.e., same vendor and lot number) as used for instrument
calibrations. Control charts will be prepared from the results of MS and MSD analyses and used
to track instrument precision. The control charts will be developed from parametric statistics on
a moving twenty-point window of MS/MSD results, assuming a normal distribution of relative
percent differences in spike recoveries. If the relative percent difference for any pair of
MS/MSDs falls outside the established control limits (i.e., plus or minus three standard
deviations of the mean of the twenty previous spiked pairs), then the instrument will be re-

calibrated and new control limits established.

QA/QC EVALUATION OF ANALYTICAL DATA :

Chemical analytical data reported by the ARA laboratory will be evaluated by the
laboratory manager following the analysis of each round of samples. Through this evaluation,
the laboratory manager will decide to reject, or to flag reported analytical results based on the
results of the analyses of trip blanks, equipment blanks, method blanks, split samples, matrix

spikes, and based on holding times and other information obtained through field audits.

Criteria used in this evaluation will be based on those included in the EPA Region I

Laboratory Data Validation Functional Guidelines for Evaluating Organics Analyses (1988).
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Results of this evaluation will be included in the Quality Control Summary Report to be prepared

at the conclusion of each sampling round.
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HEALTH AND SAFETY

A separate Health and Safety Plan (HASP) has been prepared for this project. This
HASP addresses the issues associated with working at Hanscom AFB or Hanscom Field
conducting direct push monitoring well installation, typical cone penetrometer operations or
groundwater sampling. This document must be read by every participant working on this project
for ARA or its subcontractors. Copies of the HASP will be available on the CPT rig, the
sampling support rig and with the Project Manager at ARA in South Royalton, Vermont.
Addition copies will be provided to the Air Force Subtask Monitor.at AFRL/MLQ at Tyndall,
AFB and the Base Civil Engineer at Hanscom AFB.
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6.1
6.2
6.3
6.4
6.5
6.6

SCHEDULE

Table 5. Technical Milestones.

Milestone

Project Start

Monthly Progress Reports

Perform Sampling/Analysis

Final Report

Final Presentation

Final Technical Report (Camera Ready): Due 30 days after receipt
of government’s comments to the draft report.
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Planned Date
July 98
Monthly

Aug 98

Dec 99

Dec 99




REPORTING

Documentation for this project will consists of monthly status reports (MSR), a draft
technical report and a camera ready final technical report. The MSRs will be provided to the
ARA Tyndall office and directly to the Air Force Project Officer according to SSG MSR
schedule established by AFRL/MLQ. The draft technical report will be provided to AFRL/MLQ
within 30 days of the completion of the tasks. The final technical report will be provided to
AFRIL/MLQ within 30 days of receiving the government’s comments on the draft technical
report.
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APPENDIX A

DOCUMENTATION

CPT Daily Log Sheet

CPT Well Installation Report
Well Development Log
Piezo

Groundwater Sampling Log

Chain-of-Custody Form




CPT DAILY LOG SHEET




CPT WELL INSTALLATION REPORT

Project: Observation Well:
City/State: CPT ID:
Client: Installation Date:
Crew Chief: Location:
ARA File No.:
Ground El. /— Type of Protective Cover/l.ock
El. Datum <— Depth of Top of Roadway Box below
Ground Surface —_f
« Depth of Top of Riser Pipe below
PN V2 LY. A Ground Surface -
Comments: ¢— Type of Protective Casing:
Length —_—ft
Inside Diameter S
, ;% Depth of Bottom of Roadway Box —_—t
: ,  Seals:
: : Type Depth to Thickness
! 1 Top (ft) (ft)
vl
) ]
L]
] ]
] ]
) ]
1 1
1 1
1 1
: 4:— Type of Riser Pipe:
] 1
, , Inside Diameter of Riser Pipe —in
1 i
1
X ' Type of Backfilt around Riser
1
1 1
: :4—— Diameter of Largest CPT Expander R
I
] 1
[} ) X .
—x— ' B Depth of Top of Wellpoint -
[ = . .
: = r Type of Point or Manufacturer:
1 ]
: : Screen Gauge or Size of Openings e __in
1 ]
L2 : : Diameter of Wellpoint E—
=N
] 1
] 1
] 1
] 1
X | E4¢— Depth of Bottom of Wellpoint —tt
] 1
L3 V| e silt Trap
Ll
T C oo t— Depth of Bottom of Borehole S
(Depths refer to ground surface)
ft 4+ ft + ft =
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length
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WELL DEVELOPMENT LOG

PROJECT: SITE: WELLID: DATE:
WELL DEPTH: WATER LEVEL: WEATHER INFORMATION:
METHOD & EQUIPMENT:
SURGING TIME PUMPING TIME VOLUME BAILED DURING SURGING:
BEGIN: BEGIN:
END: END:
MEASUREMENTS OBSERVATIONS -
TIME TEMPERATURE pH SPEC. |TURBIDITY| CLARITY | COLOR | ODOR |PARTICULATES
COND.
TQ N
|
|
}
|
END:
Comments:

Information: 2 in = 617 mi/ft, 4 in = 2470 ml/ft : Voley = nirh, Volgphere = 4/37r°
PIEZOMETRIC DATA RECORDING FORMAT




1. NAME OF PROJECT:

2. DATE:

3. WEATHER INFORMATION:

4. WORK PERFORMED:

5. FIELD PERSONNEL:

6. FIELD INSTRUMENTATION USED WITH CALIBRATION INFORMATION:

7. DECONTAMINATION PROCEDURES:

8. WATER LEVEL DEPTH MEASUREMENTS TAKEN FROM TOP OF CASING IN MONITORING WELLS.
MEASUREMENTS IN COLLECTION TRENCH CLEANOUTS TAKEN FROM TOP OF CLEANOUT
STRUCTURE. MEASUREMENTS IN PUMP STATION WET WELLS TAKEN FROM SURVEYED DATUM.

9. PID READINGS TAKEN OF WELL HEADSPACE IMMEDIATELY UPON OPENING WELL. PID READINGS
LISTED WITH WELL READING/BACKGROUND READING.

10. PIEZOMETRIC MEASUREMENTS:

LOCATION PID READING DEPTH TIME

11. GENERAL REMARKS:

12. SIGNATURE AND JOB TITLE OF PREPARER:




GROUNDWATER SAMPLING LOG

PROJECT: SITE: WELLID: DATE:

WELL DEPTH: SCREEN LENGTH: WELL DIAMETER: CASING TYPE:

MEASUREMENT POINT: WATER LEVEL: WEATHER INFORMATION:

METHOD & EQUIPMENT:

SAMPLING PERSONNEL.:

TIME TEMPERATURE pH SPEC. | TURBIDITY COMMENTS:
COND

To:

END:

Samples Collected:

Information: 2 in = 617 ml/ft, 4 in = 2470 ml/ft : Vol = =

A-6

?h, Volpnere = 4/31r°
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APPENDIX B

Low Stress (low flow) Purging and Sampling Procedure
for the Collection of Ground Water Samples
from Monitoring Wells
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SOP #: GW 0001
Region I Low Stress
(Low Flow) SOP
Revision Number: 2
Date: July 30, 1996

U.S. ENVIRONMENTAL PROTECTION AGENCY
REGION I

LOW STRESS (low flow) PURGING AND SAMPLING PROCEDURE
FOR THE COLLECTION OF GROUND WATER SAMPLES
FROM MONITORING WELLS

I. SCOPE & APPLICATION

This standard operating procedure (SOP) provides a general framework
for collecting ground water samples that are indicative of mobile
organic and inorganic loads at ambient flow conditions (both the
dissolved fraction and the fraction associated with mobile
particulates). The SOP emphasizes the need to minimize stress by low
water-level drawdowns, and low pumping rates (usually less than 1
liter/min) in order to collect samples with minimal alterations to
water chemistry. This SOP is aimed primarily at sampling monitoring
wells that can accept a submersible pump and have a screen, or open
interval length of 10 feet or less (this is the most common
situation). However, this procedure is flexible and can be used in a
variety of well construction and ground-water yield situations.
Samples thus obtained are suitable for analyses of ground water
contaminants (volatile and semi-volatile organic analytes,
pesticides, PCBs, metals and other inorganics), or other naturally
occurring analytes.

This procedure does not address the collection of samples from wells
containing light or dense non-aqueous phase liquids (LNAPLs and
DNAPLs). For this the reader may wish to check: Cohen, R.M. and J.W.
Mercer, 1993, DNAPL Site Evaluation; C.K. Smoley (CRC Press), Boca
Raton, Florida and U.S. Environmental Protection Agency, 1992, RCRA
Ground-Water Monitoring: Draft Technical Guidance; Washington, DC
(EPA/530-R-93-001) .

The screen, or open interval of the monitoring well should be
optimally located (both laterally and vertically) to intercept
existing contaminant plume(s) or along flowpaths of potential
contaminant releases. It is presumed that the analytes of interest
move (or potentially move) primarily through the more permeable zones
within the screen, or open interval.

Use of trademark names does not imply endorsement by U.S.EPA
but is intended only to assist in identification of a specific
type of device.

B-2




SOP #: GW 0001
Region I Low Stress
(Low Flow) SOP
Revision Number: 2
Date: July 30, 1996

Proper well construction and development cannot be overemphasized,
since the use of installation techniques that are appropriate to the
hydrogeologic setting often prevents "problem well" situations from
occurring. It is also recommended that as part of development or
redevelopment the well should be tested to determine the appropriate
pumping rate to obtain stabilization of field indicator parameters
with minimal drawdown in shortest amount of time. With this
information field crews can then conduct purglng and sampling in a
more expeditious manner.

The mid-point of the saturated screen length (which should.not exceed
10 feet) is used by convention as the location of the pump intake.
However, significant chemical or permeability contrast(s) within the
screen may require additional field work to determine the optimum
vertical location(s) for the intake, and appropriate pumping rate(s)
for purging and sampling more localized target zone(s). Primary flow
zones (high(er) permeability and/or high(er) chemical concentrations)
should be identified in wells with screen lengths longer than 10
feet, or in wells with open boreholes in bedrock. Targeting these
zones for water sampling will help insure that the low stress
procedure will not underestimate contaminant concentrations. The
Sampling and Analysis Plan must provide clear instructions on how the
pump intake depth(s) will be selected, and reason(s) for the depth(s)
selected.

Stabilization of indicator field parameters is used to indicate that
conditions are suitable for sampling to begin. Achievement of
turbidity levels of less than 5 NTU and stable drawdowns of less than
0.3 feet, while desirable, are not mandatory. Sample collection may
still take place provided the remaining criteria in this procedure
are met. If after 4 hours of purging indicator field parameters have
not stabilized, one of 3 optional courses of action may be taken: a)
continue purging until stabilization is achieved, b) discontinue
purging, do not collect any samples, and record in log book that
stabilization could not be achieved (documentation must describe
attempts to achieve stabilization) c¢) discontinue purging, collect
samples and provide full explanation of attempts to achieve
stabilization (note: there is a risk that the analytical data
obtained, especially metals and strongly hydrophobic organic
analytes, may not meet the sampling objectives).

Changes to this SOP should be proposed and discussed when the site
Sampling and Analysis Plan is submitted for approval. Subsequent
requests for modifications of an approved plan must include adequate
technical justification for proposed changes. All changes and
modifications must be approved before implementation in field.
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SOP #: GW 0001
Region I Low Stress
(Low Flow) SOP
Revision Number: 2
Date: July 30, 1996

II.EQUIPMENT
A. Extraction device

Adjustable rate, submersible pumps are preferred (for example,
centrifugal or bladder pump constructed of stainless steel or
Teflon) .

Adjustable rate, peristaltic pumps (suction) may be used with
caution. Note that EPA guidance states: "Suction pumps are not
recommended because they may cause degassing, pH modification, and
loss of volatile compounds" (EPA/540/P-87/001, 1987, page 8.5-11).

The use of inertial pumps is discouraged. These devices frequently
cause greater disturbance during purging and sampling and are less
easily controlled than the pumps listed above. This can lead to
sampling results that are adversely affected by purging and sampling
operations, and a higher degree of data variability.

B. Tubing

Teflon or Teflon lined polyethylene tubing are preferred when
sampling is to include VOCs, SVOCs, pesticides, PCBs and inorganics.

PVC, polypropylene or polyethylene tubing may be used when collecting
samples for inorganics analyses. However, these materials should be
used with caution when sampling for organics. If these materials are
used, the equipment blank (which includes the tubing) data must show
that these materials do not add contaminants to the sample.

Stainless steel tubing may be used when sampling for VOCs, SVOCs,
pesticides, and PCBs. However, it should be used with caution when
sampling for metals.

The use of 1/4 inch or 3/8 inch (inner diameter) tubing is preferred.
This will help ensure the tubing remains liquid filled when operating
at very low pumping rates.

Pharmaceutical grade (Pharmed) tubing should be used for the section
around the rotor head of a peristaltic pump, to minimize gaseous
diffusion.

C. Water level measuring device(s), capable of measuring to 0.01
foot accuracy (electronic “tape”, pressure transducer). Recording
pressure transducers, mounted above the pump, are especially helpful
in tracking water levels during pumping operations, but their use
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must include check measurements with a water level “tape” at the
start and end of each record.

D. Flow measurement supplies (e.g., graduated cylinder and stop
watch) .

E. Interface probe, if needed.

F. Power source (generator, nitrogen tank, ete.). If a gasoline
generator is used, it must be located downwind and at least 30 feet
from the well so that the exhaust fumes do not contaminate. the
samples.

G. 1Indicator field parameter monitoring instruments - pH, Eh,
dissolved oxygen (DO), turbidity, specific conductance, and
temperature. Use of a flow-through-cell is required when measuring
all listed parameters, except turbidity. Standards to perform field
calibration of instruments. Analytical methods are listed in 40 CFR
136, 40 CFR 141, and SW-846. For Eh measurements, follow
manufacturer's instructions.

H. Decontamination supplies (for example, non-phosphate detergent,
distilled/deionized water, isopropyl alcohol, etc.). ‘

I. Logbook(s), and other forms (for example, well purging forms).
J. Sample Bottles.

K. Sample preservation supplies (as required by the analytical
methods) .

L. Sample tags or labels.

M. Well construction data, location map, field data from last
sampling event.

N. Well keys.

0. Site specific Sample and Analysis Plan/Quality Assurance Project
Plan.

P. PID or FID instrument (if appropriate) to detect VOCs for health
and safety purposes, and provide qualitative field evaluations.
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IIT.PRELIMINARY SITE ACTIVITIES

Check well for security damage or evidence of tampering, record
pertinent observations.

Lay out sheet of clean polyethylene for monitoring and sampling
equipment.

Remove well cap and immediately measure VOCs at the rim of the well
with a PID or FID instrument and record the reading in the field
logbook.

If the well casing does not have a reference point (usually a V-cut
or indelible mark in the well casing), make one. Describe its
location and record the date of the mark in the logbook.

A synoptic water level measurement round should be performed (in the
shortest possible time) before any purging and sampling activities
begin. It is recommended that water level depth (to 0.01 ft.) and
total well depth (to 0.1 ft.) be measured the day before, in order to
allow for re-settlement of any particulates in the water column. If
measurement of total well depth is not made the day before, it should
not be measured until after sampling of the well is complete. All
measurements must be taken from the established referenced point.
Care should be taken to minimize water column disturbance.

Check newly constructed wells for the presence of LNAPLs or DNAPLs
before the initial sampling round. If none are encountered,
subsequent check measurements with an interface probe are usually not
needed unless analytical data or field head space information signal
a worsening situation. Note: procedures for collection of LNAPL and
DNAPL samples are not addressed in this SOP.

IV.PURGING AND SAMPLING PROCEDURE

Sampling wells in order of increasing chemical concentrations (known
or anticipated) is preferred.

1. Install Pump

Lower pump, safety cable, tubing and electrical lines slowly (to
minimize disturbance) into the well to the midpoint of the zone to be
sampled. The Sampling and Analysis Plan should specify the sampling
depth, or provide criteria for selection of intake depth for each
well (see Section I). If possible keep the pump intake at least two
feet above the bottom of the well, to minimize mobilization of
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particulates present in the bottom of the well. Collection of turbid
free water samples may be especially difficult if there is two feet
or less of standing water in the well.

2.' Measure Water Level

Before starting pump, measure water level. If recording pressure
transducer is used-initialize starting condition.

3. Purge Well
3a. Initial Low Stress Sampling Event

Start the pump at its lowest speed setting and slowly increase the
speed until discharge occurs. Check watexr level. Adjust pump speed
until there is little or no water level drawdown (less than 0.3
feet). 1If the minimal drawdown that can be achieved exceeds 0.3 feet
but remains stable, continue purging until indicator field parameters
stabilize.

Monitor and record water level and pumping rate every three to five
minutes (or as appropriate) during purging. Record any pumping rate
adjustments (both time and flow rate). Pumping rates should, as
needed, be reduced to the minimum capabilities of the pump (for
example, 0.1 - 0.4 1/min) to ensure stabilization of indicator
parameters. “Adjustments are best made in the first fifteen minutes
of pumping in order to help minimize purging time. During pump
start-up, drawdown may exceed the 0.3 feet target and then "recover"
as pump flow adjustments are made. Purge volume calculations should
utilize stabilized drawdown value, not the initial drawdown. Do not
allow the water level to fall to the intake level (if the static
water level is above the well screen, avoid lowering the water level
into the screen). The final purge volume must be greater than the
stabilized drawdown volume plus the extraction tubing volume.

Wells with low recharge rates may require the use of special pumps
capable of attaining very low pumping rates (bladder, peristaltic),
and/or the use of dedicated equipment. If the recharge rate of the
well is lower than extraction rate capabilities of currently
manufactured pumps and the well is essentially dewatered during
purging, then the well should be sampled as soon as the water level
has recovered sufficiently to collect the appropriate volume needed
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for all anticipated samples (ideally the intake should not be moved
during this recovery period). Samples may then be collected even
though the indicator field parameters have not stabilized.

3b. Subsequent Low Stress Sampling Events

After synoptic water level measurement round, check intake depth and
drawdown information from previous sampling event (s) for each well.
Duplicate, to the extent practicable, the intake depth and extraction
rate (use final pump dial setting information) from previous

event (s) . Perform purging operations as above.

4., Monitor Indicator Field Parameters

During well purging, monitor indicator field parameters (turbidity,
temperature, specific conductance, pH, Eh, DO) every three to five
minutes (or less frequently, if appropriate). Note: during the early
phase of purging emphasis should be put on minimizing and stabilizing
pumping stress, and recording those adjustments. Purging is
considered complete and sampling may begin when all the above
indicator field parameters have stabilized. Stabilization is
considered to be achieved when three consecutive readings, taken at
three (3) to five (5) minute intervals, are within the following
limits:

turbidity (10% for values greater than 1 NTU),
DO (10%),

specific conductance (3%),

temperature (3%),

pH (+ 0.1 unit),

ORP/Eh (+ 10 millivolts).

All measurements, except turbidity, must be obtained using a flow-
through-cell. Transparent flow-through-cells are preferred, because
they allow field personnel to watch for particulate build-up within
the cell. This build-up may affect indicator field parameter values
measured within the cell and may also cause an underestimation of
turbidity values measured after the cell. TIf the cell needs to be
cleaned during purging operations, continue pumping and disconnect
cell for cleaning, then reconnect after cleaning and continue
monitoring activities.

The flow-through-cell must be designed in a way that prevents air
bubble entrapment in the cell. When the pump is turned off or
cycling on/off (when using a bladder pump), water in the cell must
not drain out. Monitoring probes must be submerged in water at all
times. If two flow-through-cells are used in series, the one
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containing the dissolved oxygen probe should come first (this
parameter is most susceptible to error if air leaks into the system).

5. Collect Water Samples

Water samples for laboratory analyses must be collected before water
has passed through the flow-through-cell (use a by pass assembly or
.disconnect cell to obtain sample).

VOC samples should be collected first and directly into pre-preserved
sample containers. Fill all sample containers by allowing the pump
discharge to flow gently down the inside of the container with
minimal turbulence.

During purging and sampling, the tubing should remain filled with
water so as to minimize possible changes in water chemistry upon
contact with the atmosphere. It is recommended that 1/4 inch or 3/8
inch (inside diameter) tubing be used to help insure that the sample
tubing remains water filled. If the pump tubing is not completely
filled to the sampling point, use one of the following procedures to
collect samples: (1) add clamp, connector (Teflon or stainless
steel) or valve to constrict sampling end of tubing; (2) insert small
diameter Teflon tubing into water filled portion of pump tubing
allowing the end to protrude beyond the end of the pump tubing,
collect sample from small diameter tubing; (3) collect non-VOC
samples first, then increase flow rate slightly until the water
completely fills the tubing, collect sample and record new drawdown,
flow rate and new indicator field parameter values.

Add preservative, as required by analytical methods, to samples
immediately after they are collected if the sample containers are not
pre-preserved. Check analytical methods (e.g. EPA SW-846, water
supply, etc.) for additional information on preservation. Check pH
for all samples requiring pH adjustment to assure proper pH value.
For VOC samples, this will require that a test sample be collected
during purging to determine the amount of preservative that needs to
be added to the sample containers prior to sampling.

If determination of filtered metal concentrations is a sampling
objective, collect filtered water samples using the same low flow
procedures. The use of an in-line filter is required, and the filter
size (0.45 um is commonly used) should be based on the sampling
objective. Pre-rinse the filter with approximately 25 - 50 ml of
ground water prior to sample collection. Preserve filtered water
sample immediately. Note: filtered water samples are not an
acceptable substitute for unfiltered samples when the monitoring
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objective is to obtain chemical concentrations of total mobile
contaminants in ground water for human health risk calculations.

Label each sample as collected. Samples requiring coocling (volatile
organics, cyanide, etc.) will be placed into a cooler with ice or
refrigerant for delivery to the laboratory. Metal samples after
acidification to a pH less than 2 do not need to be cooled.

6. Post Sampling Activities

If recording pressure transducer is used, remeasure water level with
tape.

After collection of the samples, the pump tubing may either be
dedicated to the well for resampling (by hanging the tubing inside
the well), decontaminated, or properly discarded.

Before securing the well, measure and record the well depth (to 0.1
ft.), if not measured the day before purging began. Note:
measurement of total well depth is optional after the initial low
stress sampling event. However, it is recommended if the well has a
“silting” problem or if confirmation of well identity is needed.

Secure the well.

V.DECONTAMINATION

Decontaminate sampling equipment prior to use in the first well and
following sampling of each subsequent well. ©Pumps will not be
removed between purging and sampling operations. The pump and tubing
(including support cable and electrical wires which are in contact
with the well) will be decontaminated by one of the procedures listed
below.

Procedure 1

The decontaminating solutions can be pumped from either buckets or
short PVC casing sections through the pump or the pump can be
disassembled and flushed with the decontaminating solutions. It is
recommended that detergent and isopropyl alcohol be used sparingly
in the decontamination process and water flushing steps be extended
to ensure that any sediment trapped in the pump is removed. The
pump exterior and electrical wires must be rinsed with the
decontaminating solutions, as well. The procedure is as follows:
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Flush the equipment/pump with potable water.

Flush with non-phosphate detergent solution. If the solution is
recycled, the solution must be changed periodically.

Flush with potable or distilled/deionized water to remove all of
the detergent solution. If the water is recycled, the water must
be changed periodically.

Flush with isopropyl alcohol (pesticide grade). If equipment
blank data from the previous sampling event show that the level of
contaminants is insignificant, then this step may be skipped.

Flush with distilled/deionized water. The final water rinse must
not be recycled.

Procedure 2

Steam clean the outside of the submersible pump.

Pump hot potable water from the steam cleaner through the inside of
the pump. This can be accomplished by placing the pump inside a
three or four inch diameter PVC pipe with end cap. Hot water from
the steam cleaner jet will be directed inside the PVC pipe and the
pump exterior will be cleaned. The hot water from the steam
cleaner will then be pumped from the PVC pipe through the pump and
collected into another container. Note: additives or solutions
should not be added to the steam cleaner.

Pump non-phosphate detergent solution through the inside of the
pump. If the solution is recycled, the solution must be changed
periodically. ‘ ' : '

Pump potable water through the inside of the pump to remove all of
the detergent solution. If the solution is recycled, the solution
must be changed periodically.

Pump distilled/deionized water through the pump. The final water
rinse must not be recycled.

VI.FIELD QUALITY CONTROL

Quality control samples are required to verify that the sample
collection and handling process has not compromised the quality of
the ground water samples. All field quality control samples must be
prepared the same as regular investigation samples with regard to
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sample volume, containers, and preservation. The following quality
control samples shall be collected for each batch of samples (a batch
may not exceed 20 samples). Trip blanks are required for the VOC
samples at a frequency of one set per VOC sample cooler.

Field duplicate.

Matrix spike.

Matrix spike duplicate.

Equipment blank.

Trip blank (VOCs).

Temperature blank (one per sample cooler).

Equipment blank shall include the pump and the pump's tubing. If
tubing is dedicated to the well, the equipment blank will only
include the pump in subseqguent sampling rounds.

Collect samples in order from wells with lowest contaminant
concentration to highest concentration. Collect equipment blanks
after sampling from contaminated wells and not after background
wells.

Field duplicates are collected to determine precision of sampling
procedure. For this procedure, collect duplicate for each analyte
group in consecutive order (VOC original, VOC duplicate, SVOC
original, SVOC duplicate, etc.).

If split samples are to be collected, collect split for each'analyte
group in consecutive order (VOC original, VOC split, etc.). Split
sample should be as identical as possible to original sample.

All monitoring instrumentation shall be operated in accordance with
EPA analytical methods and manufacturer's operating instructions.

EPA analytical methods are listed in 40 CFR 136, 40 CFR 141, and SW-
846 with exception of Eh, for which the manufacturer's instructions
are to be followed. Instruments shall be calibrated at the beginning
of each day. 1If a measurement falls outside the calibration range,
the instrument should be re-calibrated so that all measurements fall
within the calibration range. At the end of each day, check
calibration to verify that instruments remained in calibration.
Temperature measuring equipment, thermometers and thermistors, need
not be calibrated to the above frequency. They should be checked for
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accuracy prior to field use according to EPA Methods and the
manufacturer's instructions.

VII.FIELD LOGBOOK
A field log shall be kept to document all ground water field
monitoring activities (see attached example matrix), and record all
of the following:

Well identification.

Well depth, and measurement technique.

Static water level depth, date, time and measurement technique.

Presence and thickness of immiscible liquid (NAPL) layers and
detection method.

Pumping rate, drawdown, indicator parameters values, and clock
time, at the appropriate time intervals; calculated or measured
total volume pumped.

Well sampling sequence and time of each sample collection.
Types of sample bottles used and sample identification numbers.
Preservatives used.

Parameters requested for analysis.

Field observations during sampling evént.

Name of sample collector(s).

Weather conditions.

QA/QC data for field instruments.

Any problems encountered should be highlighted.

Description of all sampling equipment used, including trade names,
model number, diameters, material composition, etc.

VIII. DATA REPORT
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Data reports are to include laboratory analytical results, QA/QC
information, and whatever field logbook information is needed to
allow for a full evaluation of data usability.
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APPENDIX C

Low-Flow (Minimal Drawdown) Groundwater Sampling Procedures®
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LOW-FLOW (MINIMAL DRAWDOWN)
GROUND-WATER SAMPLING PROCEDURES

by Robert W. Puls' and Michael J. Barcelona?

Background

The Regional Superfund Ground Water Forum is a
group of ground-water scientists, representing EPA's
Regional Superfund Offices, organized to exchange
information related to ground-water remediation at Superfund
sites. One of the major concerns of the Forum is the
sampling of ground water to support site assessment and
remedial performance monitoring objectives. This paper is
intended to provide background information on the
cevelopment of low-flow sampling procedures and its
application under a variety of hydrogeologic settings. It is
hoped that the paper will support the production of standard
operating procedures for use by EPA Regional personnel and
other environmental professionals engaged in ground-water
sampling.

For further information contact: Robert Puls, 405-436-8543,
Subsurface Remediation and Protection Division, NRMRL,
Ada, Oklahoma.

1. Introduction

The methods and objectives of ground-water
sampling to assess water quality have evolved over time.
Initially the emphasis was on the assessment of water quality
of aquifers as sources of drinking water. Large water-bearing

units were identified and sampled in keeping with that
objective. These were highly productive aquifers that
supplied drinking water via private wells or through public
water supply systems. Gradually, with the increasing aware-
ness of subsurface polluticn of these water resources, the
understanding of complex hydrogeochemical processes
which govern the fate and transport of contaminants in the
subsurface increased. This increase in understanding was
also due to advances in a number of scientific disciplines and
improvements in tools used for site characterization and
ground-water sampling. Ground-water quality investigations
where pollution was detected initially borrowed ideas,
methods, and materials for site characterization from the
water supply field and water analysis from public health
practices. This included the materials and manner in which
monitoring wells were instziled and the way in which water
was brought to the surface, treated, preserved and analyzed.
The prevailing conceptual ideas included convenient generali-
zations of ground-water resources in terms of large and
relatively homogenecus hydrologic units. With time it became
apparent that conventional water supply generalizations of
homogeneity did not adequately represent field data regard-
ing pollution of these subsurface resources. The important
role of hetercgeneity became increasingly clear not only in
geologic terms, but also in terms of compiex physical,
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chemical znd biclegical subsurface processes. With greater
appreciation of the role of heterogeneity, it became evident
that subsurface pollution was ubiquitous and encompassed
the unsaturated zone to the deep subsurface and included
unconsoiicated sediments, fractured rock, and aquitards or
low-yieicing or impermeable formations. Small-scale pro-
cesses and heterogeneities were shown to be important in
identifying contaminant distributions and in controlling water
and contaminant flow paths.

It is beyond the scope of this paper to summarize all
the acvances in the field of ground-water quality investiga-
tions and remediation, but two particular issues have bearing
on ground-water sampling today: aquifer heterogeneity and
colloicai iransport. Aquifer heterogeneities affect contaminant
flow paths and include variations in geology, geochemistry,
hydrclegy and microbiology. As methods and the tools
available for subsurface investigations have become increas-
ingly sopnisticated and understanding of the subsurface
environment has advanced, there is an awareness that in
most cases a primary concern for site investigations is
characterization of contaminant flow caths rather than entire
aquifers. In fact, in many cases, plume thickness can be less
than weil screen lengths (e.g., 3-6 m) typically installed at
hazarcous waste sites to detect and monitor plume movement
over time. Small-scale differences have increasingly been
shown ‘¢ be imponant and there is a general trend toward
smaller diameter wells and shorter screens.

The hydrogeochemical significance of colloidal-size
particies in subsurface systems has been realized during the
past several years (Gschwend and Reynolds, 1987; McCarthy
and Zachara, 19889; Puis, 1980; Ryan and Gschwend, 1980).
This reaiization resulted from both field and laboratory studies
that showed faster contaminant migration over greater
distances and at higher concentrations than flow and trans-
port mcael predictions would suggest (Buddemeier and Hunt,
1988; =rfield and Bengtsson, 1988; Penrose st al., 1990).
Such models typically account for interaction between the
mobile agueous and immobile solid phases, but do not allow
for a mcbile, reactive solid phase. It is recognition of this third
phase as a possible means of contaminant transport that has
brought increasing attention to the manner in which samples
are collected and processed for analysis (Puls et al., 1990;
McCarthy and Degueldre, 1983; Backhus et al., 1993; U. S.
EPA, 1885). If such a phase is present in sufficient mass,
possesses high sorption reactivity, large surfate area, and
remains siable in suspension, it can serve as an important
mechanism to facilitate contaminant transpert in many types
of subsuriace systems.

Colloids are particles that are sufficiently small so
that the surface free energy of the particle dominates the bulk
free energy. Typically, in ground water, this includes particles
with diameters between 1 and 1000 nm. The most commoniy
observed mobile particles include: secondary clay minerals;
hydrous iron, aluminum, and manganese oxides; dissolved
and parniculate organic materials, and viruses and bacteria.

These reactive particles have been shown to be mobile under
a variety of conditions in both field studies and laboratory
column experiments, and as such need to be included in
monitering programs where identification of the tota/ mobile
contaminant loading (dissolved + naturally suspended
particles) at a site is an objective. To that end, sampling
methodologies must be used which do not artificially bias
naturally suspended particle concentrations.

Currently the most common ground-water purging
and sampling methodology is to purge a well using bailers or
high speed pumps to remove 3 to 5 casing volumes followed
by sampie cojlection. This method can cause adverse impacts
on sample quality through collection of samples with high
levels of turbidity. This results in the inclusion of otherwise
immobile artifactual particles which produce an overestima-
tion of certain analytes cf interest (e.g., metals or hydrophobic
organic compounds). Numerous documented probiems
associated with filtration {Canielsson, 1982; Laxen and
Chandler, 1982; Horowitz et al., 1992) make this an undesir-
able methoc of rectifying the turbidity problem, and include
the removal of potentially mobile (contaminant-associated)
particles during filtration, thus artificially biasing contaminant
concentrations low. Sampling-induced turbidity problems can
often be mitigated by using iow-flow purging and sampling
technigues.

Current subsuriace conceptual models have under-
gone considerable refinement due to the recent development
and increased use of fieid screening tools. So-called
hydraulic push technologies (e.g., cone penetrometer,
Geoprobe®, QED HydroPunch®) enabie relatively fast
screening site characterizaiion which can then be used to
design and install a monitering well network. indeed,
alternatives to conventionz! monitoring wells are now being
considered for some hyGrogeologic settings. The ultimate
design of any monitoring system should however be based
upon adeguate site characterization and be consistent with
established monitoring objectives.

If the sampling program objectives include accurate
assessment of the magnitude and extent of subsurface
contamination over time and/or accurate assessment of
subseguent remedial performance, then some information
regarding plume delineation in three-dimensional space is
necessary prior to monitoring well network design and
installation. This can be accomplished with a variety of
different tools and equipment ranging from hand-operated
augers to screening tools mentioned above and iarge drilling
rigs. Detailed information on ground-water flow velocity,
direction, and horizontal and vertical variability are essential

~ baseline data requirements. Detailed soil and geologic data

are required prior to and during the installation of sampling
points. This includes historical as well as detailed soil and
geologic logs which accumulate during the site investigation.
The use of borehole gecphysical techniques is also recom-
mended. With this information (together with other site
characterization data) and a clear understanding of sampling




objectives, then appropriate location, screen length, well
diameter, slot size. etc. for the monitering well network can be
decided. This is especially critical for new in situ remedial
approaches or natural attenuation assessments at hazardous
waste sites.

In general, the overall goal of any ground-water
sampling program is to coilect water samples with no aiter-
ation in water chemistry; analytical data thus obtained may be
used for a variety of specific monitoring programs depending
on the regulatory requirements. The sampiing methodology
described in this paper assumes that the monitoring goal is to
sample monitoring wells for the presence of contaminants and
it is applicable whether mobile colloids are a concem or not
and whether the analytes of concern are metals (and metal-
loids) or organic compeunds.

Il. Monitoring Objectives and Design
Considerations

The following issues are important to consider prior
to the design and implementation of any ground-water
monitoring program, including these which anticipate using
low-{low purging and sampiing crocedures.

A. Data Quality Objectives (DQOs)

Monitoring objectives include four main types:
detection, assessment, corrective-action evatuation and
resource evaluation, along with hybrid variations such as site-
assessments for property transiers and water availability
investigations. Monitoring objectives may change as contami-
nation or water quality croblems are discovered. However,
there are a number of common components of monitoring
programs which should be recognized as important regard-
less of initial objectives. These components include:

1) Development of a conceptual model that incorporates
elements of the regional geclogy to the local geologic
framework. The conceptual model development also
includes initial site characterization efforts to identify
hydrostratigraphic units and likely flow-paths using a
minimum number of borings and well completions;

2) Cost-effective and well documented collection of high
quality data utilizing simele, accurate, and reproduc-
ible techniques; and

3) Refinement of the concectual model based on
supplementary data collection and analysis.

These fundamental components serve many types of monitor-
ing programs and provide a basis for future efforts that evolve
in complexity and level of spatial detail as purposes and
cbjectives expand. High quality, reproducible data collection

is a common goal regardless of pregram objectives.

High quality data collection implies data of sufficient
accuracy, precision, and completeness (i.e., ratio of valid
analytical resuits to the minimum sample number called for by
the program design) to meet the program objectives. Accu-
racy depends on the correct choice of monitoring tools and
procedures to minimize sample and subsurface disturbance
from collection to analysis. Precision depends on the
repeatability of sampling and analytical protocols. It can be
assured or improved by replication of sample analyses
including blanks, fieldlab standards and reference standards.

B. Sample Representativeness

An important goal of any monitoring program is
collection of data that is truly representative of conditions at
the site. The term representativeness applies to chemical and
hydrogeologic data collected via weils, borings, piezometers,
geophysical and soil gas measurements, lysimeters, and
temporary sampling points. it invoives a recognition of the
statistical variability of individual subsurface physical proper-
ties, and contaminant or major ion concentration levels, while
explaining extreme values. Subsurface temporal and spatial
variability are facts. Good professional practice seeks to
maximize representativeness by using proven accurate and
reproducible techniques to define limits on the distribution of
measurements collected at a site. However, measures of
representativeness are dynamic and are controlled by
evolving site characterization and monitoring objectives. An
evolutionary site characterization model, as shown in Fig-
ure 1, provides a systematic approach to the goal of consis-
tent data collection.

rr = =3 Define Program Objectives

= == w3 Define Sampling and
Evolutionary Site Anratytical Pratocois
Characterization .

‘€= == o= RefineProtocols . _ _ Make Site Decisions

Estabiish Data Quality

Apply Protocols

Figure 1. Evolutionary Site Characterization Model

The model emphasizes a recognition of the causes of the
variability (e.g., use of inappropriate technology such as using
bailers to purge wells; imprecise or operator-dependent
methods) and the need to control avoidable errors.




1) Questions of Scale

A sampling plan designed to collect representative
samples must take into account the potential scale of
changes in site conditions through space and time as well as
the chemical associations and behavior of the parameters
that are targeted for investigation. In subsurface systems,
physical (i.e., aquifer) and chemical properties over time or
space are not statistically independent. In fact, samples
taken in close proximity (i.e., within distances of a few meters)
or within short time periods (i.e., more frequently than
monthiy) are highly auto-correiated. This means that designs
employing high-sampling frequency (e.g., monthly) or dense
spatial monitoring designs run the risk of redundant data
collection and misleading inferences regarding trends in
values that aren't statistically valid. In practice, contaminant
detection and assessment monitoring programs rarely suffer
these over-sampling concerns. In corrective-action evaluation
programs, it is aiso possible that too little data may be
collected over space or time. In these cases, false interpreta-
tion of the spatial extent of contamination or underestimation
of temporal concentration variability may resuit.

2) Target Parameters

Parameter selection in monitoring program design is
most often dictated by the regulatory status of the site.
However, background water quality constituents, purging
indicator parameters, and contaminants, all represent targets
for data collection programs. The tcols and procedures used
in these programs should be equally rigorous and applicable
to all categories of data, since all may be needed to deter-
mine or support reguiatory action.

C. Sampling Point Design and Construction

Detailed site characterization is central to all
decision-making purposes and the basis for this characteriza-
tion resides in identification of the geologic framework and
major hycro-stratigraphic units. Fundamental data for sample
point location include: subsurface lithology, head-differences
and background geochemical conditions. Each sampling point
has a proper use or uses which should be documented at a
level which is appropriate for the program’s data quality
objectives. Individual sampling points may not aiways be
able to fulfill multiple monitoring objectives (e.g.s detection,
assessment, corrective action).

1) Compatibility with Monitoring Program and Data
Quality Objectives

Specifics of sampling point location and design will
be dictated by the complexity of subsurface lithology and
variability in contaminant and/or geochemical conditions. It -
should be noted that, regardless of the ground-water sam-
pling apprcach, few.sampling points (e.g., wells, drive-paoints,
screened augers) have zones of influence in excess of a few

feet. Therefore, the spatial frequency of sampling points
should be carefully seiected and designed.

2) Flexibility of Sampling Point Design

In most cases well-point diameters in excess of 1 7/8
inches will permit the use of most types of submersible
pumping devices for fow-flow (minimal drawdown) sampling.
It is suggested that short (e.g., less than 1.6 m) screens be
incorporated into the maonitoring design where possible so
that comparable results from one device to ancther might be
expected. Short, of course, is relative to the degree of vertical
water quality variability expected at a site.

3) Equilibration of Sampling Point

Time should be allowed for equilibration of the well
or sampling point with the formation after installation. Place-
ment of well or sampling points in the subsurface produces
some disturbance of ambient conditions. Drilling techniques
(e.g., auger, rotary, etc.) are generally considered to cause
more disturbance than direct-push technoicgies. In either
case, there may be a period (i.e., days to months) during
which water quality near the point may be distinctly different
from that in the formation. Proper development of the sam-
pling point and adjacent formation to remove fines created
during emplacement will shorten this water quality recovery
period.

lll. Definition of Low-Flow Purging and Sampling

It is generally accepted that water in the well casing
is non-representative of the formation water and needs to be
purged prior to collection of ground-water samples. However,
the water in the screened interval may indeed be representa-
tive of the formation, depending upon well construction and
site hydrogeology. Wells are purged to some extent for the
following reasons: the presence of the air interface at the top
of the water column resulting in an oxygen concentration
gradient with depth, loss of volatiles up the water column,
leaching from or sorption to the casing or filter pack, chemical
changes due to clay seals or backfill, and surface infiltration.

Low-flow purging, whether using portable or dedi-
cated systems, should be done using pump-intake located in
the middle or slightly above the middle of the screened
interval. Placement of the pump too clcse to the bottom of the
well will cause increased entrainment of solids which have
collected in the well over time. These particles are present as
a result of well development, prior purging and sampling
events, and natural colloidal transport and deposition.
Therefore, placement of the pump in the middle or toward the
top of the screened interval is suggested. Placement of the
pump at the top of the water column for sampling is only
recommended in unconfined aquifers, screened across the
water table, where this is the desired sampling point. Low-
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flow purging has the advantage of minimizing mixing between
the overlying stagnant casing water and water within the
screened interval.

A. Low-Flow Purging and Sampling

Low-ilow refers to the velocity with which water
enters the pump intake and that is imparted to the formation
pore water in the immediate vicinity of the well screen. It
does not necessarily refer to the flow rate of water discharged
at the surface which can be affected by flow reguiators or
restrictions. Water level drawdown provides the best indica-
tion of the stress imparted by a given flow-rate for a given
hydrological situation. The objective is to pump in a manner
that minimizes stress (drawdown) to the system to the extent
practical aking into account established site sampling
objectives. Typically, flow rates on the order of 0.1 - 0.5 L/min
are used, however this is dependent on site-specific
hydrogeology. Some extremely coarse-textured formations
have been successfully sampled in this manner at flow rates
to 1 Lmin. The effectiveness of using low-flow purging is
intimately linked with proper screen location, screen length,
and well construction and deveiopment techniques. The
reestatlishment of natwral flow caths in both the vertical and
herizontal directicns is imporiant for correct interpretation of
the data. For hign resoiution samgiing needs, screens less
than 1 m should be used. Most of the need for purging has
been feund to be due 0 passing the samoling cevice through
the overlying casing water which causes mixing of these
stagnant waters and the dynamic waters within the screened
interval. Additionally, there is disturtance to suspended
sediment collected in the bottom of the casing and the
displacement of water out into the formation immediately
adjacent to the well screen. These disturbances and impacts
can be avoided using dedicated sampiing equipment, which
precludes the need to insert the sampling device prior to
purging and sampling.

Isolation of the screened interval water from the
overlying stagnant casing water may be accomplished using
low-flow minimal drawdown techniques. If the pump intake is
located within the screened interval, most of the water
pumped will be drawn in directly from the formation with little
mixing of casing water or disturbance to the sampling zone.
However, if the wells are not constructed and developed
properly, zones other than those intended may be sampled.
At some sites where geologic heterogeneities are sufficiently
different within the screened interval, higher concuctivity
zones may be preferentially sampled. This is another reason
to use shorter screened intervals, especially where high
spatial resolution is 2 sampling cbjective.

B. Water Quality Indicator Parameters

It is recommerded that water quality incicator
parameters be used ¢ determine purging needs prior to
sample collection in each well. Stabilization of parameters
such as pH, specific conductance, dissolved oxygen, oxida-
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tion-reduction potential, temperature and turbidity should be
used to determine when formation water is accessed during
purging. In general, the order of stabilization is pH, tempera-
ture, and specific conductance, followed by axidation-
reduction potential, dissoived oxygen and turbidity. Tempera-

-ture and pH, while commonly used as purging indicators, are

actually quite insensitive in distinguishing between formation
water and stagnant casing water; nevertheless, these are
important parameters for data interpretation purposes and
should also be measured. Performance criteria for determi-
nation of stabilization should be based on water-level draw-
down, pumping rate and equipment specifications for measur-
ing indicator parameters. Instruments are avaiiable which
utilize in-ling'flow cells to continuously measure the above
parameters.

It is important to establish specific well stabilization
criteria and then consistently follow the same methods
thereafter, particularly with respect to drawdown, flow rate
and sampling device. Generally, the time or purge volume
required for parameter stzbilization is independent of well
depth or weil volumes. Decendent variables are well diam-
eter, sameling cevice, hycrogeochemistry, pump flow rate,
and whether the devices are used in a portable or dedicated
manner. If the sampling cevice is already in piace (i.e.,
dedicated sampling systems), then the time and purge
velume neeced for statilization is much shorizr. Other
advantages of dedicated sguipment include less purge water
for waste cisposal, much less decontaminatior of equipment,
less time spent in preparation of sampling as well as time in
the field, and more consistency in the sampling approach
which probably will translate into less variability in sampling
results. The use of dedicated equipment is strongly recom-
mended at wells which will undergo routine sampling over
time.

if parameter stabilization criteria are too stringent,
then minor oscillations in indicator parameters may cause
purging operations to become unnecessarily protracted. It
should also be noted that turbidity is a very conservative
parameter in terms of stabilization. Turbidity is always the
last parameter to stabilize. Excessive purge times are
invariably related to the establishment of too stringent turbidity
stabilization criteria. It should be noted that natural turbidity
levels in ground water may exceed 10 nephelometric turbidity
units (NTU).

C. Advantages and Disadvantages of Low-Flow
(Minimum Drawdown) Purging

In general, the advantages of low-flow purging
include:

-+ samples which are representative of the mobile load of
contaminants present (dissolved and colloid-associ-
ated);

- minimal disturbance of the sampling point thereby
minimizing samgling artifacts;

» less operator variability, greater operator control;




- reduced stress on the formation (minimal drawdown);

- less mixing of stagnant casing water with formation
water;

- reduced need for filtration and, therefore, less time
required for sampling;

 smaller purging volume which decreases waste
disposal costs and sampling time;

- better sample consistency; reduced artificial sample
variability.

Some disadvantages of low-flow purging are:

« higher initial capital costs,

- greater set-up time in the field,

- need to transport additional equipment to and from the
site,

« increased training needs,

« resistance to change on the part of sampling practitio-
ners,

+ concern that new data will indicate a change in
conditions and trigger an action.

IV. Low-Flow (Minimal Drawdown) Sampling
Protocols

The following ground-water sampling procedure has
evolved over many years of experience in ground-water
sampling for organic and inorganic compound determinations
and as such summarizes the authors' (and others) experi-
ences to date (Barcelona et al., 1984, 1994; Barcelona and
Helfrich, 1986; Puls and Barcelona, 1989; Puls et. al. 1990,
1992; Puls and Powell, 1892; Puls and Paul, 1985). High-
guality chemical data collection is essential in ground-water
monitoring and site characterization. The primary limitations
10 the collection of representative ground-water samples
include: mixing of the stagnant casing and fresh screen
waters during insertion of the sampling device or ground-
water level measurement device; disturbance and
resuspension of settled solids at the bottom of the well when
using high pumping rates or raising and lowering a pump or
bailer; introduction of atmospheric gases or degassing from
the water during sampie handling and transfer, or inappropri-
ate use of vacuum sampling device, etc.

A. Sampling Recommendations

Water samples should not be taken immediately
following well development. Sufficient time should be allowed
for the ground-water flow regime in the vicinity of the monitor-
ing well to stabilize and to approach chemical equilibrium with
the well construction materials. This lag time will depend on
site conditions and methods of installation but often exceeds
one week.

Well purging is nearly always necessary to obtain -
samples of water flowing through the geologic formations in
the screened interval. Rather than using a general but
arbitrary guideline of purging three casing volumes prior to

sampling, it is recommended that an in-line water quality
measurement device (e.g., flow-through cell) be used to
establish the stabilization time for several parameters (e.g. ,
pH, specific conductance, redox, dissolved oxygen, turbidity)
on a well-specific basis. Data on pumping rate, drawdown,
and volume required for parameter stabilization can be used
as a guide for conducting subsequent sampling activities.

The following are recommendations to be considered
before, during and after sampling:

+ use low-flow rates (<0.5 U/min), during both purging
and sampling to maintain minimal drawdown in the
well; *

+ maximize tubing wall thickness, minimize tubing
iength;

- place the sampling device intake at the desired
sampling point;

« minimize disturbances of the stagnant water column
above the screened interval during water level
measurement and sampling device insertion;

» make proper adjustments to stabilize the flow rate as
soon as possible;

+ monitor water quality indicators during purging;

« collect unfiltered samples to estimate contaminant
loading and transport potential in the subsurface
system.

B. Equipment Calibration

Prior to sampiing, al! sampling device and monitoring
equipment should be calibrated according to manufacturer's
recommendations and the site Quality Assurance Project Plan
(QAPP) and Field Sampling Plan (FSP). Calibration of pH
should be performed with at least two buffers which bracket
the expected range. Dissolved oxygen calibration must be
corrected for local barometric pressure readings and eleva-
tion.

C. Water Level Measurement and Monitoring

It is recommended that a device be used which will
least disturb the water surface in the casing. Well depth
should be obtained from the well logs. Measuring to the
bottom of the well casing will only cause resuspension of
settled solids from the formation and require longer purging
times for turbidity equilibration. Measure well depth after
sampling is completed. The water level measurement should
be taken from a permanent reference point which is surveyed
relative to ground elevation.

D. Pump Type

The use of low-flow (e.g., 0.1-0.5 L/min) pumps is
suggested for purging and sampling all types of analytes. All
pumps have some limitation and these should be investigated
with respect to application at a particular site. Bailers are
inappropriate devices for low-flow sampling.




1) General Considerations

There are no unusual requirements for ground-water
sampiing cevices when using low-flow, minimal drawdown
techniques. The major concern is that the device give
consistent results and minimal disturbance of the sample
across a range of low flow rates (i.e., < 0.5 L/min). Clearly,
pumping rates that cause minimal to no drawdown in one well
could easily cause significant drawdown in another well
finished in a less transmissive formation. In this sense, the
pump should not cause undue pressure or temperature
changes or physical disturbance on the water sample over a
reasonable sampling range. Consistency in operation is
critical to meet accuracy and precision goais.

2) Advantages and Disadvantages of Sampling Devices

A variety of sampling devices are availabie for low-
flow (minimal drawdown) purging and sampling and include
peristaltic pumps, bladder pumps, electrical submersible
pumps, and gas-driven pumps. Devices which lend them-
selves to beth dedication and censistent gperation at defin-
able low-flow rates are preferred. It is desirable that the pump
be easily adjustable and cperate reliably at these lower flow
rates. The peristaitic pump is limited to shallow applications
and can cause degassing resulting in alteration of pH,
alkalinity, and some volzatiles loss. Gas-driven pumps should
be of a type that does not allow the gas to be in direct contact
with the sampled fluid.

Clearly, bailers and other grab type samplers are ill-
suited for low-flow sampling since they will cause repeated
disturbance and mixing cf stagnant water in the casing and
the dynamic water in the screened interval. Similarly, the use
of inertial lift foot-valve type samplers may cause too much
disturbance at the point of sampling. Use of these devices
also tends to introduce uncontrclied and unacceptable
operator variability.

Summaries of advantages and disadvantages of
various sampling devices are listed in Herzog et al. (1991),
U. S. EPA (1992), Parker (1994) and Thurnbiad (1994).

E. Pump Installation

Decicated sampling devices (left in the well) capable
of pumping and sampling are preferred over any other type of
device. Any portable sampling device should be slowly and
carefully lowered to the middle of the screened interval or
slightly above the micdle (e.g., 1-1.5 m below the top of a3 m
screen). This is to minimize excessive mixing of the stagnant
water in the casing above the screen with the screened
interval zone water, and to minimize resuspension of solids
which will have collected at the bottom of the well. These two
disturbance effects have been shown to directly affect the
time required for purging. There also appears to be a direct
caorrelation tetween size of portable sampling devices relative
to the well bore and resuiting purge volumes and times. The
key is to minimize disturbance of water and solids in the well
casing.
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F. Filtration

Decisions to filter samples should be dictated by
sampling objectives rather than as a fix for poor sampling
practices, and fielc-filtering of certain constituents should not
be the default. Consideration shouid be given as to what the
application of field-filtration is trying to accomplish. For
assessment of truiy dissoived (as opposed to operationally
disscived [i.e., samples filtered with 0.45 um filters]) concen-
trations of major ions and trace metals, 0.1 um filters are
recommended although 0.45 pm filters are normally used for
most regulatory programs. Alkalinity sampies must also be
filtered if significant particulate calcium carbonate is sus-
pected, sincethis material is likely to impact alkalinity titration
results (although filtraticn itseif may alter the CQ, compasition
of the sample and, therefare, affect the results).

Although filtration may be approgriate, filtration of a
sample may cause a number of uninterided changes to occur
(e.g. oxidation, aeration) possibly leading to filtration-induced
artifacts during sample analysis and uncertainty in the resuits.
Some of these unintended changes may be unavoidable but
the factors leading to them must be recognized. Deleterious
effects can be minimized by consistent application of certain
filtraticn guideiines. Guicelines should addrass selection of
filter type, media. pore size, etc. in order to identify and
minimize potential sources of uncertainty when filtering
samples.

In-line filtration is recommended because it provides
better consistency through less sample handling, and
minimizes samgle exposure to the atmosphere. In-line filters
are available in toth discosable (barrel filters) and non-
disposabile (in-line filter holder, flat membrane filters) formats
and various filter pore sizes (0.1-5.0 ym). Disposable filter
cartricges have the advantage of greater sediment handling
capacity when compared to traditional membrane filters.
Filters must be pre-rinsed following manufacturer's recom-
mendations. if there are no recommendations for rinsing,
pass through a minimum of 1 L of ground water following
purging and prior to samgling. Once filtration has begun, a
filter cake may develop as particies larger than the pore size
accumulate on the filter membrane. The result is that the
effective pore diameter of the membrane is reduced and
particles smaller than the stated pore size are excluded from
the filtrate. Possible corrective measures include prefitering
(with larger pore size filters), minimizing particle loads to
begin with, and recucing sample volume.

G. Monitoring of Water Level and Water Quality
Indicator Parameters

Check water level pericdically to monitor drawdown
in the well as a guide to flow rate adjustment. The goal is
minimal drawdown (<0.1 m) during purging. This goal may be
difficult to achieve under some circumstances due to geologic
hetercgeneities within the screened interval, and may require
adjustment based on site-specific conditions and personal
experience. In-line water cuality indicator parameters should

- be continucusly monitored during purging. The water quality




indicater parameters monitored can incluce gH, redox
potential, conductivity, dissolved oxygen (DO) and turbidity.
The last three parameters are often most sensitive. Pumping
rate, drawdown, and the time or volume required to obtain
stabilization of parameter readings can be used as a future
guide to purge the well. Measurements should be taken
every three to five minutes if the above suggested rates are
used. Stabilization is achieved after ail parameters have
stabilized for three successive readings. In lieu of measuring
all five parameters, a minimum subset would include pH,
conductivity, and turbidity or DO. Three successive readings
should be within = 0.1 for pH, = 3% for conductivity, = 10 mv
for redex potential, and = 10% for turbidity and DO. Stabilized
purge indicator parameter trends are generally obvious and
follow either an exponential or asymptotic change to stable
values during purging. Dissolved oxygen and turbidity usually
require the longest time for stabilization. The above stabiliza-
tion guidelines are provided for rough estimates based on
experience.

H. Sampling, Sample Containers, Preservation and
Decontamination

Upon parameter stabilization, sampling can be
initiated. If an in-line device is used to monitor water quality
parameters, it should be disconnected or bypassed during
sample collection. Sampling flow rate may remain at estab-
lished purge rate or may be adjusted slightly to minimize
aeration, bubble formation, turbulent filling of sample bottles,
or loss of volatiles due to extended residence time in tubing.
Typically, flow rates less than 0.5 L/min are appropriate. The

" same device should be used for sampling as was used for

purging. Sampling should occur in a progression from least to
most contaminated well, if this is known. Generally, volatile
{e.g., solvents and fuel constituents) and gas sensitive (e.g.,
Fe#, CH,, H,S/HS", alkalinity) parameters should be sampled
first. The sequence in which samples. for most inorganic
parameters are collected is immaterial uniess filtered (dis-
solved) samples are desired. Filtering should be done last
and in-line filters should be used as discussed above. During
both well purging and sampling, proper protective clothing
and equipment must be used based upon the type and level
of contaminants present.

The appropriate sample container will be prepared in
advance of actual sample collection for the analytes of
interest and include sample preservative where necessary.
Water samples should be collected directly into this container
from the pump tubing.

Immediately after a sample bottle has been filled, it
must be preserved as specified in the site (QAPP). Sample
preservation requirements are based on the analyses being
performed (use site QAPP, FSP, RCRA guidance document -
{U. S. EPA, 1882] or EPA SW-846 [U. S. EPA, 1982] ). It
may be acvisable to acd preservatives to sample bottles in a
controlied setting prior to entering the field in order to reduce
the chances of improperly preserving sample bottles or

introducing field contamirants into a sample bottle while
adding the preservatives.

The preservatives should be transferred from the
chemical bottle to the sample container using a disposable
polyethylene pipet and the disposable pipet should be used
only once and then discarded.

After a sample container has been filled with ground
water, a Teflon™ (or tin)-lined cap is screwed on tightly to
prevent the container from leaking. A sampie label is filled
out as specified in the FSP. The samples shouid be stored
inverted at 4°C.

Specific decontamination protocols for sampling
devices are dependent to some extent on the type of device
used and the type of contaminants encountered. Refer to the
site QAPP and FSP for specific requirefhents.

I. Blanks
The following blanks shouid be collected:

(1) field blank: one field biank should be collected from
each source water (distilied/deionized water) used for
sampling equipment decontamination or for assisting
well development procedures.

(2} equipment blank: cne equipment blank should be
taken prior to the commencement of field work, from
each set of sampling equipment to be used for that
day. Refer to site QAPP or FSP for specific require-
ments.

(3) trip blank: a trip blank is required to accompany each
volatile sample shipment. These blanks are prepared
in the laboratory by filling a 40-mL volatile organic
analysis (VOA) bottle with distilled/deionized water.

V. Low-Permeability Formations and Fractured
Rock ' '

The overall sampling program goals or sampling
objectives will drive how the sampling points are located,
installed, and choice of sampling device. Likewise, site-
specific hydrogeologic factors will affect these decisions.
Sites with very low permeability formations or fractures
causing discrete flow channels may require a unique monitor-
ing approach. Uniike water supply wells, wells installed for
ground-water quality assessment and restoration programs

_ are often installed in low water-yielding settings (e.g., clays,

silts). Alternative types of sampling points and sampling
methods are often needed in these types of environments,
because low-permeability settings may require extremely low-
flow purging (<0.1 LUmin) and may te technology-fimited.
Where devices are not readily available to pump at such low
flow rates, the primary consideration is to avoid dewatering of
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the well screen. This may require repeated recovery of the
water during purging while leaving the pump in piace within
the well screen.

Use of low-flow techniques may be impractical in
these settings, depending upon the water recharge rates.
The sampler and the end-user of data collected from such
wells need to understand the limitations of the data collected;
i.e., a strong potential for underestimation of actual contami-
nant cancentrations for volatile organics, potential false
negatives for filtered metals and potential false positives for
unfiltered metals. It is suggested that comparisons be made
between samples recovered using low-flow purging tech-
niques and samples recovered using passive sampling
techniques (i.e., two sets of samples). Passive sample
collection would essentially entail acquisition of the sampie
with no or very little purging using a dedicated sampling
system installed within the screened interval or a passive
sample collection device.

A. Low-Permeability Formations (<0.1 L/min
recharge)

1. Low-Flow Purging and Sampling with Pumps

a. “portable or non-Gedicated mode” - Lower the pump
(one capable of pumping at <0.1 L/min) to mid-screen
or slightly above and set in place for minimum of 48
hours (to lessen purge volume requirements). After 48
hours, use procedures listed in Part IV above regard-
ing monitoring water quality parameters for stabiliza-
tion, etc., but do not dewater the screen. If excessive
drawdown and siow recovery is a problem, then
alternate approaches such as those listed below may
be better.

b. “dedicated mode” - Set the pump as above at least a
week prior to sampling; that is, operate in a dedicated
pump mode. With this approach significant reductions
in purge volume should be realized. Water guality
parameters should stabilize quite rapidly due to less
disturbance of the sampling zone.

2. Passive Sample Collection

Passive sampling collection requires insertion of the
device into the screened interval for a sufficient time period to
allow flow and sample equilibration before extraction for
analysis. Conceptually, the axtraction of water from low
yielding formations seems mare akin to the collection of water
from the unsaturated zcne and passive sampling techniques
may be more appropriate in terms of obtaining “representa-
tive” samples. Satisfying usual sample volume requirements
is typically a probiem with this approach and some latitude will
be needed on the par cf regulatory entities to achieve
sampling objectives.

B. Fractured Rock

In fractured rock formations, a low-flow to zero
purging approach using pumps in conjunction with packers to
isolate the sampling zone in the borehole is suggested.
Passive muiti-layer sampling devices may also provide the
most “representative” sampies. It is imperative in these
settings to identify flow paths or water-producing fractures
prior to sampling using tools such as borehole flowmeters
and/or other geophysical toois.

After identification of water-bearing fractures, install
packer(s) and pump assembly for sample cailection using
low-flow sampiing in “dedicated mode” or use a passive
sampling device which can isolate the identified water-bearing
fractures.

VI. Documentation

The usual practices for documenting the sampling
event should te used for fow-flow purging and sampling
techniques. This should include, at a minimum: information
on the conduct of purging operations (flow-rate, drawcown,
water-quality parameter values, volumes extracted and times
for measurements), field instrument calibration data, water
sampling forms and chain of custody forms. See Figures 2
and 3 and “CGreund Water Sampling Workshop -- A Workshop
Summary” (U. S. EPA, 1995) for example forms and other
documentation suggestions and information. This information
coupled with laboratory analytical data and validation data are
needed to judge the “usaability” of the sampling data.

VIl. Notice

The U.S. Environmental Protection Agency through its Office
of Research and Development funded and managed the
research described herein as part of its in-house research
program and under Contract No. 68-C4-0031 to Dynamac
Corporation. It has been subjected to the Agency's peer and
administrative review and has been approved for publication
as an EPA document. Mention of trade names or commercial
products does not constitute endorsement or recommenda-
tion for use.
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Figure 2. Ground Water Sampling Log

Project Site Well No. Date
Well Depth Screen Length Well Diameter Casing Type
Sampling Device Tubing type ' Water Level
Measuring Point Other Intor
Sampling Personnel
Time pH Temp | Cond. | Dis.O, | Turb. | [ ]JConc, Notes

Type of Samples Collected

Information: 2 in =617 mUft, 4 in = 2470 mUft: Vol , = nr*h, Vol =430




Figure 3. Ground Water Sampling Log (with automatic data logging for most water quality

parameters)
Project Site Well No. Date
Well Depth Screen Length Well Diameter Casing Type
Sampling Device Tubing type Water Level
Measuring Point Other Infor

Sampling Personnel

Time Pump Rate Turbidity Alkalinity [ ]Conc Notes

Type of Samples Collected

Information: 2 in =617 mift, 4 in = 2470 ml/ft: Volm = nrh, Volw =43n e
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APPENDIX D

YSI Model 6820 Water Quality Tester

Specifications and Calibration Procedures
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1. INTRODUCTION

1.1 DESCRIPTION

The 6820 Environmental Monitoring System is a muitiparameter, water quality measurement, and
data collection system. It is intended for use in research, assessment, and regulatory compliance
applications.

Measurement parameters include:

Dissolved Oxygen
Conductivity
Specific Conductance
Salinity

Total Dissolved Solids
Resistivity
Temperature

pH

ORP

Depth

Turbidity

Nitrate-N
Ammonia-N
Ammonium-N

00RO OEE0 0008

The Model 6820 is ideal for profiling and monitoring water conditions in industrial and waste
water effluents, lakes, rivers, wetlands, estuaries, coastal waters, and monitoring wells. It can be
left unattended for weeks at a time with measurement parameters sampled at your setup interval
and data transmitted to your computer or logging device. The Model 6820 can be used 200 feet
(61 meters) below the water's surface or in as little as a few inches (centimeters) of water. The
fast sensor responses of the Model 6820 make it ideal for vertical profiling. Its small size makes
it convenient to carry from site to site, and allows it to fit down many standard monitoring wells.

The Model 6820 is designed to house 8 field-replaceable sensors and the option to add a depth
sensor module to the sonde body. The 6820 does not have intemnal battery capability and
therefore must be operated from an external power source. YSI offers an AC adapter, battery
pack and a terminal device, all of which can power the sonde.

The Model 6820 is equipped with YSI's patented Rapid Pulse Dissolved Oxygen Sensor which
exhibits low stirring dependence, and therefore provides accurate dissolved oxygen results
without an expensive and bulky stirrer. Because stirring is not required, external battery life is
extended. In addition, because of the nature of the technology, sensor drift caused by passive
fouling is minimized.

The Model 6820 communicates with an ASCII terminal or a computer with a terminal emulation
program. The 6820 has no internal logging capability, and therefore must be used with a




terminal, data logger, data collection platform or computer. Use of the 6820 with our 610-D or
610-DM display/logger provides an ideal system for profiling or spot sampling.

Every Mcdel 6820 comes with IBM-compatible PC-based software for simple and convenient
setup and data handling. Reports and plots are automatically generated and their presentation
easily customized. Data is easily exported to any spreadsheet program for more sophisticated
data processing.

The RS-232C and SDI-12 interfaces provide maximum versatility for system networking and
real-time data collection. Several Model 6820 units may be installed as a network, providing
valuable water quality data at a variety of locations. For real-time results, the Model 6820 can
interface to radio telemetry systems, satellite, modem and cellular phone data collection
platforms.

The Model 6820 is available with an economical built-in cable (various lengths), or with a sonde-
mounted connector. Optional interface cables in several lengths are available for interfacing
with a computer, terminal or data collection platform. These cables are waterproof at the sonde
end and can be used in the lab or field.

See Appendix D for a complete list of accessories and calibration reagents.

1.2 GENERAL SPECIFICATIONS

Operating Environment

Medium: fresh, sea, or polluted water 0
Temperature: -5to +45 °C (23 OF 1o /13 F)
Depth: 0 to 200 feet (61 meters)

2 2
Storage Temperature: 40 to +60 °C G'/O F 1o /40 /Q
Material: PVC, Stainless Steel

Dimensions and weight, sonde without cable and with 6036 turbidity sensor.
Maximum Diameter: 2.9 inches (7.4cm)

Maximum Length: 13.6 inches (34.5 cm)

Maximum Weight: 3.4 pounds (1.5 kg)

Computer Interface
RS-232C
SDI-12

Software

PC6000
IBM PC compatible computer, 3 1/2 or 5 1/4 inch, high or low density disk drive.
Minimum RAM requirement: 256 K bytes '
Optional graphic adapter for plotting




Ecowatch for Windows (optional)
IBM PC compatible computer with 3 1/2 inch disk drive and with a 386 processor (or
better) running Windows version 3.1 (or later).
Minimum RAM requirement: 4 megabytes

Power
External 12 VDC (8 t0 13.8 VDC)

1.3 SENSOR SPECIFICATIONS

The following are typical performance specifications for each sensor. '

Depth - Medium
Sensor Type........... Stainless steel strain gauge
Range....cccecveeeenncecns 0to200ft (61 m)
ACCUrACY.eueereveeennns +/-0.4ft(0.12 m)
Resolution.............. 0.001 ft (0.001 m)
Depth - Shallow
Sensor Type.............. Stainless steel strain gauge
Range.....ovvemeuveninnce 0to30ft (5.1 m)
ACCUTACY .eeevveenrennens +/- 0.06 ft (0.018 m)
Resolution................. 0.001 ft (0.001 m)

‘/Temperature
Sensor Type........... Thermistor
RaNge....ovveeeeeerenne. -51045°C @.5 F To //30F)
ACCUTACY..uvcerrucnnes +/- 0.15 °C (optional configuration at +/- 0.05 °C)
Resolution.............. 0.01°C

v/ Dissolved Oxygen, % saturation
Sensor Type........... Rapid Pulse - Clark type, polarographxc

Range....ccccveeeeenenn. 0 to 200 % air saturation
ACCUTACY..crruercneranes +/- 2 % air saturation
Resolution.............. 0.1 % air saturation

Dissolved Oxygen, mg/L (Calculated from % air saturation, temperature and salinity)

Sensor Type........... Rapid Pulse - Clark type polarographic
Range....cocoeveeeeens 0t 20 mg/L

ACCUTaCY.eevrerreerene. +/- 0.2 mg/LL

Resolution.............. 0.01 mg/L




v Conductivity

Sensor Type........... 4 electrode cell with autoranging
Range.......cccceuun.... Oto 100 mS/cm
ACCUTACY..cerersenrenne +/- 0.5% of reading + 0.001 mS/cm
Resolution.............. 0.001 mS/cm to 0.1 mS/cm (range dependent)
Salinity
Sensor Type............ Calculated from conductivity and temperature
Range......ouemrnnenee. 0to 70 ppt _ ) - o
ACCUTACY ..cveemucuencne +/- 1.0% of reading or 0.1 ppt, whichever is greater
Resolution.............. 0:01 ppt '

v pH
Sensor Type........... Glass combination electrode
Range.......ccouecec.... 0 to 14 units
ACCUracy........e.... +/- 0.2 units
Resolution.............. 0.01 units
pH - Low Ionic Strength
Sensor Type........... Glass combination electrode with low impedance glass
Range....cccoecrenenenn. 2to 12 units
ACCUTaCY...cccrrerennns +/- 0.2 units
Resolution.............. 0.01 units
ORP
Sensor type............ Platinum ring
Range......cccoeccrnn... -999 to +999 mV
ACCUTaCy....coeerenne. +/-20 mV
Resolution............... 0.1 mV

‘/Turbidity N
Sensor type............ Optical, 90 ° Scatter, mechanical cleaning option
Range.....ccccoeceenenen. 0to 1000 NTU
Accuracy............. +/- 5% reading or 2 NTU (whichever is greater)
Resolution............... 0.1 NTU
Nitrate-Nitrogen
Sensor Type........... Ion-selective electrode
Range......ccouunene.. 0-200 mg/L-N
AcCCUracy.....coeene.. +/- 10% of reading or 2 mg/L (whichever is greater)
Resolution.............. 0.001 mg/L-N to 1 mg/L-N (range dependent)

* Report outputs of specific conductance (conductivity corrected to 25 C), resistivity, and total dissolved
solids are also provided. These values are automatically calculated from conductivity according to
algorithms found in Standard Methods for the Examination of Water and Wastewater (Ed 1989).
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Ammonium-Nitrogen

Sensor Type........... Ion-selective electrode

Range.....ccocceunnueee. 0-200 mg/L-N

ACCUTACY .ccrureernnnne +/- 10% of reading or 2 mg/L (whichever is greater)
Resolution.............. 0.001 mg/L-N to | mg/L-N (range dependent)
Ammonia-Nitrogen

Sensor Type........... Calculated from ammonium, pH and temperature
Range......cccovmenee. 0-200 mg/L-N

ACCUTACY.cererernnne +/- 10% of reading or 2 mg/L (whichever is greater)
Resolution.............. 0.001 mg/L-N to 1 mg/L-N (range dependent)

1.4 HOW TO USE THIS MANUAL

The manual is organized to let you quickly understand and operate the 6820 system. However, it
cannot be stressed too strongly that informed and safe operation is more than just knowing which
buttons to push. An understanding of the principles of operation, calibration techniques, and system
setup is necessary to obtain accurate and meaningful results.

Sections 2 and 3 help you get started, providing initial setup information as well as calibration and
basic operating instructions. Sections 4 and 5 provide detailed information on the Sonde software
structure and YSI PC6000 software, respectively. PC6000 is PC-based software designed to help
the user to easily generate reports and plots from the data collected by the sonde. Sections 6-8
address principles of operation, sonde and sensor maintenance, and system troubleshooting.
Section 9 provides more detailed information on communications protocols. Section 10 provides
service and repair information. The appendices (A-H) provide information on safety, warranty,
accessories, options, storage recommendations, and more. '

NOTE: Because of the many features, configurations and applications of this versatile product,
some sections of this manual may not apply to the specific system you have purchased.

The Model 6820 can be pdrchased with external battery or power supply capability. Additidnally,
all probes, cables and accessories can be ordered either as options or ordered together as a system.

If you have any questions about this product or its application, please contact our customer service
department or authorized dealer for assistance. See Appendix C for contact information.
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I. PURPOSE OF THE QUALITY ASSURANCE PROJECT PLAN

This Quality Assurance Project Plan (QAPP) has been prepared to document the quality
assurance protocols for execution of the Direct Push Monitoring Point Assessment Study. The
purpose of this QAPP is to define the field and laboratory data requirements for the experiment
as specified in the Work Plan and to ensure that the data are of sufficient quality to support the
end use of the data. The QAPP defines the policy, organization, functional activities, and quality

assurance (QA) and quality control (QC) protocols that will be used to meet the objectives of this

investigation. Descriptions of the procedures associated with the field programs, including

sample collection, sample custody, laboratory analysis, and QA/QC for this project are described
in this document. Adherence to the procedures described in this QAPP should generate data that

are scientifically sound, valid, defensible, and of known, acceptable, and documented quality.
The QAPP is organized as follows:

s Section]l  Purpose Of The Quality Assurance Project Plan
» SectionIl Quality Assurance Objectives

s SectionIll Sampling Procedures

« Section IV Sample Custody, Handling, and Shipping Procedures
« Section V  Calibration Procedures

» Section VI Analytical Procedures and Detection Limits

« Section VI Data Reduction, Validation and Reporting

« Section VIII Internal Quality Control

« SectionIX Performance Systems Audits

= Section X Preventative Maintenance

s Section XI Data Assessment Procedures

s Section XII Corrective Actions

« Section XIII Quality Assurance Reports




II. QUALITY ASSURANCE OBJECTIVES

A. DATA QUALITY OBJECTIVES

The overall quality assurance objective for this study is to develop and implement
sampling, sample handling, and analytical procedures that will provide data that can be used to
fulfill the data quality objectives (DQOs) as stated in the Work Plan. DQOs are qualitative and
quantitative statements developed by data users to specify the quality of data from field and
laboratory data collection activities that is needed to support specific decisions or regulatbry
actions. The DQOs describe which data are needed, why the data are needed, and how the data
will be used to meet the needs of the project. DQOs also establish numeric limits for the data to
allow the data user (or reviewers) to determine whether the data collected are of sufficient quality

for their intended use.
DQO development as described in USEPA guidance is based on:

» Identifying project objectives
= Specifying the data necessary to meet project objectives

= Describing the methods that will yield data of acceptable quality and quantity to
support the required decisions.

The project objectives and data specifications are described in the Work Plan. Analytical

and testing methods are described in this QAPP.

B. ANALYTICAL QUALITY CONTROL LEVELS

Five levels of anélytical quality control are identified by CERCLA and afe_described in
Data Quality Objectives for Remedial Response Activities Development Process (USEPA, 1987).
These levels are based on the type of site under investigation, the required precision and
accuracy, the end use of the analytical data, and the level of documentation. Two levels of
analytical data will be collected during this investigation. The analytical levels include the

following:
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o Level II. Level II data are quantitative and are generally collected by field instruments
designed for in situ measurements and that do not require laboratory support. Examples
of Level I data include topographical survey data, pH data, and data collected using a
field gas chromatograph (GC). Level II data are used for site characterization, evaluation

of alternatives, engineering design, and monitoring during sampling.

o Level ITIL. Level III data are quantitative, have known precision and accuracy, and are
produced under controlled conditions using laboratory-grade instrumentation. USEPA-
accepted methods, such as SW-846, National Pollution Discharge Elimination System,
and the Contract Laboratory Program (CLP) are used under Level ITl. Data uses include
risk assessment, site characterization, evaluation of alternatives, and engineering design.

Level I is the highest QC level to be collected during this project.

Practical quantitation limits (PQLs) are based on the extent to which the equipment,
laboratory or field, or analytical process can provide accurate measurements of a reliable quality
for specific constituents in field samples. The PQL for a given analysis will vary depending on
instrument sensitivity and matrix effects. PQLs are discussed in Section V on Analytical

Procedures and Detection Limits.

C. DATA QUALITY DEFINITION AND MEASUREMENT

The effectiveness of a QA program is measured by the quality of data generated in the
field and by the laboratory. Data quality is judged in terms of its precision accuracy,
representativeness, completeness, and comparability. These terms are described in the following

sections.

1. Accuracy

Accuracy is the degree of agreement of a measurement or an average of measurements
with an accepted reference or “true” value, and is a measure of bias in the system. The accuracy
of a measurement system is impacted by errors introduced through the sampling process, field
contamination, preservation, handling, sample matrix, sample preparation, and analytical

techniques.
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Accuracy is evaluated by the following equation:

C

where: A is the concentration of analyte in a spiked sample

Precent Recovery = X '1 00

B is the concentration of analyte in an unspiked sample

C is the concentration of spike added.

For this project, accuracy will be assessed and controlled by the results of the following

QC samples, which contain known concentrations of specific analytes (spiked):

» Matrix spike (MS) and matrix spike duplicates (MSD)
» Laboratory control samples (LCS) and LCS duplicates (LCSD)

As these samples are analyzed, spike recoveries will be calculated and compared to pre-
established acceptance limits, as listed in Attachment A. Acceptance limits are based on
previously established laboratory performance or specified by the analytical methods. The
control limits reflect the minimum and maximum recoveries expected for individual
measurements for an in-control system. Recoveries outside the established limits indicate error
in addition to normal measurement error, and the possible need for corrective action. Corrective
action may include re-calibrating the instrument, reanalyzing the QC samples, re-analyzing the
sample batch, re-preparation of the sample batch, or flagging the data (if problems can not be
resolved). For contaminated samples, matrix spike recoveries may be dependent upon sample

homogeneity, matrix interference, and dilution requirements.

2. Precision

Precision is the reproducibility of measurements under a given set of conditions. For
large data sets, precision is expressed as the variability of a group of measurements compared to
their average value (i.e., standard deviation). For duplicate measurements, precision is expressed
as the relative percent difference (RPD) of a data pair and is calculated using the following

equation:
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[A-B]
RPD = WXIOO

where: A and B are the reported concentrations for sample duplicate analyses.

For this project, precision will be assessed by calculating the RPD of the MS/MSD
sample pairs and the duplicate and replicate sample pairs and comparing the results to laboratory-
established RPD control limits, which are listed in Attachment A. Precision of duplicate samples

is dependent upon sample homogeneity.

The analyst, group leader, or technical advisor is responsible for investigating data
outside the QC limits. Corrective action may include re-calibrating the instrument, re-analyzing

QC samples, re-analyzing samples, or flagging the data.

3. Representativeness

Representativeness is a qualitative expression of the degree to which sample data
accurately and precisely represents a characteristic of a population, a sampling point, or an
environmental condition. Representativeness is maximized by ensuring that, for a given project,
the number and location of sampling points and sample collection and analysis techniques are
appropriate for the specific investigation, and that the sampling and analysis program will
provide information that reflects “true” site conditions. Results for duplicate sample analysis are

also used to evaluate representativeness.

4. Comparability

Comparability is a qualitative parameter that expresses the confidence that one data set
may be compared to another. Comparability of data is achieved through the use of standardized

methods for sample collection and analysis, and the use of standardized units of measure.

5. Completeness

Completeness is defined as the percentage of valid data relative to the total number of
analytes and is evaluated using precision, accuracy, and holding time criteria. Completeness will

be calculated using the following equation:
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Valid Data 9
TotalData

Project completeness is determined at the conclusion of the data validation and is

Completeness =

calculated by dividing the number of valid sample results by the total number of samples
analyzed. The completeness objective for this project is 90 percent for all data and is based on

USEPA guidelines (USEPA, 1988a).
III. SAMPLING PROCEDURES

All of the sampling locations and procedures to be used for environmental sample
collection are presented in the Work Plan. The Work Plan describes in detail the procedures that
will be followed during sampling to ensure that the data are representative of environmental
conditions. The remainder of this section describes the sampling procedures that will be used to

collect QC samples in the field.

A. SAMPLE CONTAINERS

The types of sample containers and preservation required for each matrix and analysis are

outlined in the Work Plan for the sampling program.

B. QC SAMPLE COLLECTION

As discussed above, the sampling procedures for all of the environmental samples are
described in the Work Plan. The following sections outline the procedures to be used to collect
QC samples in the field.

1. Equipment Blanks

Equipment blanks will be collected at a rate of one per day when non-dedicated or non-
disposable equipment is used for sampling. Equipment blanks will be collected for each
analytical parameter for which the associated environmental sample was collected. Equipment
blanks will be collected immediately after decontaminating sampling equipment by pouring
reagent free water over the sampling equipment, then collecting it in the appropriate sample
containers. The samples will be labeled, handled, and shipped following the procedures outlined

in the next section of this QAPP.
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2. Duplicates

During this sampling program, duplicate samples will be collected for 5 percent of the
total number of groundwater samples. A duplicate sample pair is a single grab sample that is
split into two samples during collection. Duplicate groundwater samples will be collected by
discharging a pump-volume of water into the original and duplicate sample containers. One of
the samples from the duplicate sample set will be labeled with the correct sample identification,
and the other sample will be labeled with the same correct sample identification with the suffix
“DUP.” Both samples will be sent to the same laboratory for analysis. The samples will be

labeled, handled, and shipped following the procedures outlined in the next section of this QAPP.

3. Field Replicates (Split Samples)

Split samples will be collected from twenty percent of all designated sampling points.
Splits will be sent to a certified laboratory for analysis by EPA Method 8260 to evaluate the
analytical performance of ARA’s laboratory. Splits will be collected in the same manner as
duplicate groundwater samples. The results of analyses of split samples will provide a measure
of the precision (repeatability) of the field sampling methods and the accuracy of the laboratory
analytical methods.

4. Matrix Spike and Matrix Spike Duplicate Samples

Samples for MS/MSD analysis will be collected for five percent of the total number of
samples collected. The ARA Project Manager or designee will identify samples to be used for
MS/MSD analysis. The same procedures used to collect duplicate samples during sampling will

be used to collect samples for MS/MSD analysis.

5. Trip Blanks

Trip blanks will be prepared by the laboratory prior to sampling and will consist of one
40-milliliter amber glass bottle filled with preserved reagent grade water for each sample cooler.
The bottles will be filled so that there is no head space and will be capped with a Teflon® septum.

Trip blanks will accompany all samples scheduled for VOC analysis.
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6. Temperature Blanks

A water temperature blank will accompany each cooler of samples shipped to the
laboratory. A temperature blank consists of a 40-milliliter amber glass bottle filled with reagent-
grade water. The temperature of the blank will be measured upon arrival at the laboratory If the
temperature of the blank is outside the 2° to 6° Centigrade (C) temperature criterion, both the
laboratory and ARA project managers will be notified and the appropriate corrective actions will

be taken.
IV. SAMPLE CUSTODY, HANDLING, AND SHIPPING PROCEDURES

A. SAMPLE CUSTODY

To ensure that samples are 1dentified correctly and remain representative of the
environment, the documentation and sample custody procedures specified in this section will be
followed during sample collection and analysis. Standard sample documentation and custody
procedures, as outlined below, will be used during each sampling program to maintain and
document sample integrity during collection, transportation, storage, and analysis. The Field
Team Leader, to be designated at the time of the investigation, will be responsible for ensuring
proper documentation and custody procedures are initiated at the time of sample collection, and
that individual samples can be tracked from the time of sample collection until the samples are
relinquished to the laboratory. The laboratory will be responsible for maintaining sample
custody and documentation from the time the samples are relinquished to the lab until final

sample disposition.

1. Chain of Custody

Chain of Custody (COC) procedures provide an accurate written record of the possession
of each sample from the time of collection in the field through laboratory analysis. A sample is

considered in custody if one of the following applies:

» Itisin an authorized person’s immediate possession
« Itisin view of an authorized person after being in physical possession
» Itisinasecure area after having been in physical possession of an authorized person

» Itisin adesignated secure area, restricted to authorized personnel only.
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2. Field Procedures

The sample custody and documentation procedures will be initiated at the time of sample
collection. Sample collection details will be documented on the groundwater sampling forms in
the field Program of the Work Plan. Samples will be labeled and the appropriate information
will be recorded on the COC form using indelible ink. Any errors will be corrected by drawing a
single line through the incorrect entry, entering the correct information, and then initialing and

dating the change.

3. Sample Labels

Sample labels will be completed and attached to sample containers at the time of sample

collection. The following information will be included on the sample label:

« Project name/location

» Sample location

« Date and time of sample collection

= Unique sample identification sequential number

« Sampler’s initials

4. Chain of Custody Record

Properly completed COC forms will ensure that sample custody is documented,
appropriate sample fractions have been collected, and scheduled analyses are properly assigned.
An example of the type of COC record that will be used is shown in Appendix A of the Work
Plan. v o '

Unused portions of the COC form will be crossed out and initialed. A completed COC
record will be included with each sample cooler. The sampler will retain a copy of the COC.
When shipping the sample cooler to the laboratory by a commercial carrier, the COC will be
signed, placed in a plastic bag, and taped to the inside of the shipping container used for sample
transport. Signed shipping bills will serve as evidence of custody transfer between the field
sampler and courier and courier and laboratory. The sampler will retain and file copies of the
COC record and the shipping bill after the samples are shipped. The samples are relinquished to

the laboratory upon arrival and the laboratory personnel then will complete the COC.

E-13




5. Custody Seals

Custody seals will be placed in two locations across the cooler closure to ensure that any

tampering is detected. The date and initials of the sampler will be written on the custody seal.

6. Laboratory Custody Procedures

Upon receipt in the laboratory, the integrity of the shipping container will be checked by
verifying that the custody seal is not broken. The cooler will be opened and the temperature
blank will be measured to determine the temperature inside the cooler. The sample containers
will then be checked for breakage, leakage, and damage, and the contents of the shipping
container will be verified against the COC. Custody seal integrity, cooler temperature, and

sample preservation will be documented on the sample control worksheet.

A permanent log book will be maintained in the sample control area to document the

following:

» Date of sample receipt
» Sample accession number
» Number of samples

= Source of samples

All insufficiencies and/or discrepancies will be immediately reported to the Laboratory
Project Manager and documented. The Laboratory Project Manager will either resolve the
problem internally or contact the ARA Project Manager for resolution. If the samples and
documentation are acceptable, each sample container’s unique identification number will be
recorded. Other information that will be recorded includes date and time of sampling, sample

description, due dates, and required analytical tests.

After samples have been received by the laboratory, the samples will be transferred to a
refrigerator. The sample refrigerator will be kept at 4°C+2°C and their temperatures will be
recorded regularly with thermometers calibrated against NIST thermometers. The cleanliness of

refrigerators storing samples for VOC analyses will be monitored using refrigerator blanks.
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Samples will be distributed for analysis from Sample Control by either a sample
custodian or laboratory chemist. Sample tracking will be documented on the Sample Control
Form. After all samples and documentation have been reviewed and appropriately annotated, the
Sample Custodian will sign the log sheet and submit it to the Information Services Department
for processing. Any marks or notes made on the chain of custody document by the Sample

Custodian will be clearly distinguishable from original field notations.

Shipping receipts will be stapled on chain of custody log sheets and stored in the project
file. The Laboratory Manager or designee will be notified that the samples have arrived through
the distribution of arrival notices. The samples are to be stored in a refrigerator or cold room

with the temperature maintained at 4°C+2°C.

B. SAMPLE HANDLING AND SHIPPING

After each water sample is collected, it will be placed in a cooler containing ice, and the
cooler will be shipped by overnight courier to the laboratory. The samples will be placed upright
in the cooler, and secured with inert cushioning material to prevent breakage. A completed COC

form will accompany all samples. Complete packaging and shipping procedures are as follows:

» The samples will be placed upright in a waterproof metal (or equivalent strength
plastic) ice chest or cooler.

» Bags of ice will be placed around, among, and on top of the sample bottles. Enough
ice will be used so that the samples will be maintained at 4°C+2°C.

s To prevent the sample containers from sliding around the cooler, the cooler will be
filled with inert cushioning material, such shipping peanuts, additional bubble pack,
or cardboard dividers. ‘ '

» The completed COC form will be placed in a waterproof plastic bag and taped to the
inside of the cooler lid.

« The lid will be secured with strapping tape by wrapping it completely around the
cooler.

s The completed shipping label will be attached to the top of the cooler and “This Side
Up” and “Fragile” labels will be placed on the sides of the cooler.

» Signed and dated custody seals will be placed on the cooler in two locations across
the opening of the cooler lid.
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C. SAMPLE DISPOSAL

Thirty days after a laboratory report has been generated and submitted to the Project
Manager the samples are transferred to the sample disposal area. This transfer is also
documented on the Sample Control Form. Samples will be disposed according to each

laboratory’s SOP, which is based on both State and Federal guidelines.

V. CALIBRATION PROCEDURES

This section discusses general requirements for field equipment and laboratory instrument
calibration and standards preparation. Instrument calibration is necessary for accurate sample
quantitation, and establishes the dynamic range of an instrument. Criteria for calibration are
specific to each method and instrument manufacturer. The following paragraphs outline the

calibration procedures for the field equipment and laboratory instrumentation.

A. FIELD EQUIPMENT

The field equipment to be used during the groundwater sampling program includes a
water-level sounder, a pH, specific conductance, dissolved oxygen, temperature, and turbidity
meter, and an organic vapor meter. The meters will be calibrated according to the procedures

outlined below.

" 1. Water-Level Sounder

Electric water-level sounders will be checked before the beginning of the field activities

by comparing the scale on the water-level tape against an engineering measurement tape. -

2. pH, Turbidity, Dissolved Oxygen, Temperature, and Specific Conductivity Meter

A YSI Model 6820 Water Quality Instrument or equivalent will be used for pH, salinity,
turbidity, dissolved oxygen, temperature and specific conductivity measurement. The instrument
will be calibrated daily prior to use according to the manufacturer’s instructions provided in
Appendix C of the Work Plan. The meter follows an automatic calibration routine in which
independent reference solutions are used to calibrate the meter for pH, specific conductivity,

salinity, turbidity, and dissolved oxygen.
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3. Organic Vapor Meter

Any organic vapor detectors including flame ionization detectors (FIDs) and
photoionization detectors (PIDs) will be calibrated daily prior to use and any time that instrument
drift is suspected. In addition, calibration will be checked at the conclusion of each day of use in
order to evaluate instrument performance. Instruments will not be adjusted before the final
c.alibration check has been performed and recorded. Calibration procedures will be documented
in the log book or on the appropriate field form. Calibration gases that have a shelf life will not

be used past the expiration date.

4. Laboratory Instruments

The following paragraphs describe procedures for standard preparation and instrument
calibration for SW-846 methods. ARA’s laboratory will provide analytical services for all
Level III data, while an independent contract laboratory will provide analytical services for

replicates of 20% of all samples using Level I procedures.

5. Standard/Reagent Preparation

Data accuracy is dependent upon the accuracy of the standards used for instrument
calibration. To ensure the highest quality standard, primary reference standards used by ARA
and the contract laboratory are obtained from the National Institute of Standards Technology
(NIST), EPA CRADA vendors, or other reliable commercial sources. When standards are
received at the laboratory, the date received, supplier, lot number, purity, concentration, and
expiration date are recorded in a standards log book. Vendor certification for the standards are

retained in the files.

Standards are obtained either in their pure form, or in stock or working standard
solutions. Dilutions are made from vendor standards. All standards are given a standard
identification number and the following information is recorded in the standards log book:

1) source of the standard, 2) the initial concentration of the standard, 3) the final concentration of
the standard, 4) the volume of the standard that was diluted, the volume of the final solution,
5) the solvent and the source and lot number of the solvent used for standard preparation, and

6) the preparer’s initials. All standards are validated prior to use.
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Validation procedures for standards include a check for chromatographic purity and
verification of the standard’s concentration by comparing its response to a standard of the same
analyte prepared at a different time or obtained from a differeht source. Reagents also are
analyzed for purity; for example, every lot of dichloromethane (used for organic extraction) is
analyzed for contaminants prior to use in the laboratory. Standards are checked routinely for
signs of deterioration (e.g., discoloration, formation of precipitates, and changes in
concentration) and are discarded if deterioration is suspected or the expiration date has passed.
Expiration dates are based on vendor recommendation, the analytical method, or internal
research. Stock solutions for VOCs are not to be held for more thah 30 days. Fresh working
calibration standards shall be prepared every week. Stock solutions for semi-volatile organic
compounds shall not be held for more than 90 days. Dilutions below 1 ppm shall not be held

more than 30 days.

6. Calibration of Organic Methods

Calibration of instrumentation is required to ensure that the analytical system is operating
correctly and functioning at the sensitivity necessary to meet established reporting limits (i.e.,
PQLs). Each instrument will be calibrated with standard solutions appropriate to the type of

instrument and the linear range established for the analytical method.

Analytical instruments will be calibrated using standards in accordance with the specified
analytical methods and manufacturer’s procedures. At a minimum, written calibration
procedures include the equipment to be calibrated, the reference standards used for calibration,
the calibration techniques, aétions, aéceptable performance tolerances,- frequency of calibration,
and calibration documentation format. Records of standard preparation and instrument
calibration will be maintained. Instrument calibration will include daily checks using standards
prepared independently of the calibration standards and instrument response will be evaluated
against established criteria. The analysis log book, maintained for each analytical instrument,
will include at a2 minimum: the date and time of calibration, the initials of the person performing
the calibration, the calibrator reference number and concentration. Attachment B contains the

methods to be used in this study that detail the calibration procedures. Instrument calibration




procedures for specific instruments used for organic analyses are discussed in the following

paragraphs.

a) Gas Chromatography

Initial calibration consists of determining the linear range, establishing detection limits,
and establishing retention time windows. The calibration will then be checked daily to ensure
that the system calibration remains within specifications. If the daily calibration check does not

meet established criteria, the system will be recalibrated.

Calibration standards will be prepared according to the standard operating procedure for
the method. For the SW 846 8000 series methods, a calibration standard will be prepared for
each analyte of interest at five concentration levels. One of these standards will be slightly above
the method detection limit. The other standards will bracket the concentration range expected in

the environmental samples, but not exceed the working range of the detector.

A reagent water blank will be run prior to calibration to show the absence of
_interferences. The calibration standards then will be introduced into the system and a calibration
curve will be generated for each analyte. The response factor for each analyte at each

concentration will be calculated as follows:

Total Area of Peak @
Mass Injected (in nanograms)

Re sponse Factor (RF) =

@ For multiresponse analytes, the area from at least five major peaks shall be used for

quantitation.

Acceptance criteria for instrument response linearity checks are based upon the
correlation coefficient (r) of the best fit line for the calibration data points, or on the percent
relative standard deviation (% RSD) for response factors calculated for each analyte at each level

over the working range. The correlation coefficient is calculated as:

= ﬂz (xy) - (2 X)(Z y)
VEE - ()2 5?)- (252)]
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where: X = calibration concentrations
y = instrument response (peak area)

n = number of calibration points (x,y data pairs).
The percent RSD is calculated as:

%RSD = —SBxlOO
C

il

where: %RSD

Cc

SD

relative standard deviation

means of 5 initial RFs for a compound

standard deviation of the RFs for a compound

-1

If the coefficient of correlation, , is greater than or equal to 0.995, or the %RSD is less

SD=s

than or equal to 20 percent, the calibration is considered valid. The use of r or %RSD is

instrument specific, and only one of these criteria will be used on each instrument.

The calibration curve and response factors will be checked daily by injecting at least one
calibration standard, usually the mid-range standard. The percent difference between initial and

continuing response factors will be calculated using the following equation:

. (RFI — R'FC)
% Difference = ————=x100
RE;
where:  RF; = average relative response factor from initial calibration
RF, = response factor from continuing calibration

An acceptable percent difference will be within plus or minus 15 percent.

Retention time windows must be established for each analyte during initial calibration per

SW 846, Method 8000. The retention time window must be checked prior to sample analysis
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using the calibration check standard. A warning limit specific to the method will be used. If the

standard fails to meet the retention time window, the instrument will be recalibrated.

b) Gas Chromatography/Mass Spectrometry (GC/MS)

Each day prior to analysis of samples for VOCs, the instrument will be tuned with
bromofluorobenzene (BFB) (according to the tuning criteria specified in the USEPA Contract
Laboratory Program [CLP]). No samples will be analyzed until the instrument has met tuning

criteria.

After the instrument has met tuning criteria, it will then be calibrated for all target
compounds. An initial calibration curve will be produced, and certain compounds referred to as
System Performance Calibration Compounds (SPCC) and Continuing Calibration Compounds
(CCC) will be evaluated to ensure that the system is within calibration. If the daily SPCCs and

CCCs do not meet the established criteria, the system will be recalibrated.

Calibration standards at a minimum of five concentrations will be prepared by secondary
dilution of stock standards. All or a subset of the compounds listed in EPA Methods 8260 can be

used as calibration standards.

Each calibration solution including internal standards and surrogates will be introduced
according to EPA Method 5030 for volatile compounds. A relative response factor (RF) will be
calculated for each compound relative to the internal standard whose retention time is closest to

the compound being measured. The RF is calculated as follows:

(Ax Cis )
(Ais Cy )

where: A; = Area of characteristic ion for the compound being measured

RF =

Ajs = Area of characteristic ion for the specific internal standard
Cis = Concentration of the specific internal standard

C« = Concentration of the compound being measured.

The average relative response factor (RF;) will be calculated for each compound using

the values from the five-point calibration. A system performance check must be made before the




calibration is accepted as valid. The SPCCs are checked for a minimum average relative
response factor. The five volatile SPCCs are chloromethane, 1,1-dichloroethane, bromoform,
1,1,2,2-tetrachloroethane, and chlorobenzene. The minimum acceptable average relative

response factor for volatile compounds is 0.300 (0.250 for bromoform).

The percent relative standard deviation (% RSD) for the CCCs will be calculated from the

RFs in the initial calibration and must meet specified criteria. The volatile CCCs are

1,1-dichloroethane, 1,2-dichloropropane, toluene, ethylbenzene, and viny! chloride. The formula
used to calculate % RSD is:

D
% RS =STx100%RSD=Dx100
c

where: RSD = Relative Standard Deviation

c

SD

Mean of § initial RF's for a compound

Standard deviation of the RFs for a compound

ZM

SD=s i=1 i=1

n-1
Every 12-hour shift, each GC/MS must be tuned by purging or iﬁjecting 4-
bromofluorobenzene (BFB) for volatile compounds. Also, initial calibration of the GC/MS will
be checked by analyzing a calibration standard (usually the mid level standard) .and checking the
SPCC and CCC performance. If the minimum relafive fesponsé factors for SPCCs are not met,
corrective action must be taken before samples are analyied. The percent difference of relative

response factor compared to the average relative response factor from the initial calibration is

calculated as follows:

. RF) — RFC)
% Difference = —————=x 100
REF
where: RF; = Average relative response factor from initial calibration

RF.

Relative response factor from current calibration check standard.
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If the percent difference criterion for each CCC compound is met, the initial calibration is
assumed to be valid. If the criterion is not met for any CCC, corrective action must be taken. A
new five-point calibration must be generated if the source of the problem cannot be found and

corrected.

The internal standard responses and retention times in the CCC must be evaluated. If any
internal standard retention time changes by more than 30 seconds from the last calibration check
(12 hours), the system must be checked for malfunctions and corrected as necessary. If the
extracted ion current profile (EICP) area for any of the internal standards changes by a factor of
two from the last daily calibration standard check, the system must be checked for malfunctions
and corrections made as necessary. All samples analyzed during the time the system was

malfunctioning must be re-analyzed.

VI. ANALYTICAL PROCEDURES AND DETECTION LIMITS

All samples will be prepared and analyzed using the Test Methods for Evaluating Solid
Waste, Physical/Chemical Methods, SW-846, 3™ Edition (USEPA, 1996). The units of measure
and typical practical quantitation limits for each analyte are listed in the Work Plan. These are
laboratory-specific target reporting limits that can be met in the absence of matrix interferences
or high contaminant concentrations, and are at least as stringent as the reporting limits specified

for the individual analytical methods.

VII. DATA REDUCTION, VALIDATION AND REPORTING

A. FIELD MEASUREMENTS

Raw data from field measurements and sample collection activities will be documented in
the field log book and on the appropriate forms, as described in the Work Plan. The field
measurements and data collected during sampling will be presented in the report scheduled for
this project. All field data generated during this investigation will be evaluated under the

direction of ARA Quality Control (QC) Coordinator before it is incorporated in the report.
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B. LABORATORY MEASUREMENTS

1. Data Reduction Calculations

Data will be reduced as specified by the analytical methods. These calculations are

specific to the analytical instruments that are used for the analysis, the level of automation, and

the type of software used to reduce the data. The procedures used for data reduction for each

analytical method are described in the laboratory’s SOPs.

2. Data Validation

The laboratory will perform in-house analytical data reduction and review under the

direction of the Laboratory Project Manager and the ARA Quality Control Coordinator before the

data are released to EL/EQA. The Laboratory Project Manager and Quality Control Coordinator

are also responsible for assessing the data quality and qualifying any data that may be unreliable.

The laboratory will prepare and retain full analytical and QC documentation. The data reduction

and review will be conducted as follows:

The bench analyst will convert the raw data into the reportable data, and conduct the
initial data review. The analyst will review preliminary data entries, calculations,
holding times and precision, accuracy and calibration check standards. The analyst
will also provide explanation and/or corrective action summaries for any method
control parameters that are outside the control criteria.

The QC Coordinator or designee will review the analytical control documentation
associated with each batch, as well as any corrective action explanations provided by
the analyst. If the QC Coordinator is not satisfied with all corrective action
explanations and analytical control results, additional explanation will be required for
the batch. The QC Coordinator is responsible for determining if the analytical data
meet quality control criteria established by the analytical methods and by this QAPP.
The QC Coordinator will sign the analytical batch control form when satisfied with
the data quality and review all final data reports for proper format prior to releasing
data.

The laboratory review of the data includes assessing compliance with the control limits in

QAPP. Accuracy and precision are the primary data parameters that can be used to calculate

control limits. Data to evaluate accuracy are obtained primarily from separately prepared

laboratory QC samples or from spiked field samples. Data used to evaluate precision are QC
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sample analyses or the replicate analysis of field samples. The calculations that are used to
evaluate precision and accuracy are defined in the laboratory’s SOP and/or QA/QC manual.
Precision and accuracy quality control limits are generated from the statistical analysis of QC
sample results. The quality control limits that will be used to evaluate the data are listed in

Attachment A.

3. Data Reporting

The analytical data will be reported in a format organized to facilitate data evaluation.
All of the data, including QC data will be reported in the chronological order in which they were

produced. The following information will be included in each data package:

= A cover sheet that identifies the samples contained in the report, including QC
samples, and that identifies any data that do not meet QA/QC criteria.

» A list of diluted samples including their dilution factors.

= Areport for each completed environmental and QC sample analysis (equipment
blanks, source-water blanks, MS/MSD samples, laboratory control samples, surrogate
spike samples, and method blanks) that includes the following information: the field
sample ID number (if applicable), the date the sample was collected, the date the
sample was received by the laboratory, the date and method of sample extraction (if
applicable), the date and method of sample analysis, tabulated results for each sample,
surrogate spike recoveries (if applicable), internal standard recoveries (if applicable),
associated method blank results, and the detection limit for each analyte. The initial
concentration of the surrogate spikes, matrix spikes, and laboratory control sample
spikes, as well as the percent recovery and acceptance limits of each spiked analyte
also should be reported. The samples analyzed in association with each QC sample
also should be identified on the report. All questionable data should be flagged
according to USEPA guidelines.

» A corrective action summary that identifies all analytical irregularities (i.e., missed
holding times, poor analytical recoveries), and the corrective action taken by the
laboratory for the affected samples.




VIII. INTERNAL QUALITY CONTROL

A. FIELD PROGRAM

Internal quality control evaluates whether a method is performing within acceptable limits
of precision and accuracy. On the sampling level, quality control samples used to assess field
sampling techniques and environmental conditions during sample collection and transportation

include duplicates, trip blanks, and equipment blanks.

1. Duplicates

Duplicate or replicate samples will be used to assess variability in the sample matrix and
to assess sampling precision. The sampling procedures will be evaluated by comparing the
analytical results of duplicate or replicate sample pairs. If the reported values for the sample pair
are similar, the samples are considered to be representative of the environment. A large
difference (greater than 40 percent) between the reported values for the sample pair indicates that
there may have been a problem during sampling or analysis. Duplicate analyses will be used to
evaluate precision by calculating the RPD between a duplicate sample and its associated
environmental sample. The RPD will be compared to the MS/MSD QC limits for precision.
Relative percent difference values within the QC guidelines indicate that good sampling and
analytical procedures were followed. Relative percent difference values outside the QC limits
indicate that sample may be heterogeneous, or that there may have been a problem during

sampling and/or analysis.

2. Trip Blanks

Trip blanks will be used to evaluate representativeness by assessing whether VOCs were
introduced into samples during handling, shipping, or storage at the laboratory. Trip blanks
prepared by the laboratory will be included with each sample shipment that contains groundwater

samples for VOC analysis.

3. Equipment Blanks

Equipment blanks will be used to assess the equipment decontamination procedures and

evaluate whether the samples are representative of the environment. The results of each
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equipment blank analysis will be reviewed for the presence of target analytes. If target analytes
are found, the data from the associated environmental samples will be evaluated to determine if
they are representative of environmental conditions or the result of incomplete equipment

decontamination.

B. LABORATORY ANALYSIS

The general objectives of a laboratory QC program are to:

« Ensure that all procedures are documented, including any changes in administrative
and/or technical procedures.

» Ensure that all analytical procedures are validated and conducted according to method
guidelines.

» Monitor the performance of the laboratory using a systematic inspection program.
» Ensure that all data are properly archived.

Internal quality control for analytical services will be conducted by the laboratory in
accordance to their standard operating procedures, the individual method requirements, and this
QAPP. Before making significant changes to the QAPP or analytical methodology, the
laboratory will notify AL/EQA in writing.

Laboratory quality control consists of two distinct components: a laboratory and matrix
component. The laboratory component measures the performance of the laboratory analytical

process during the sample analyses, while the matrix component measures the effects on the

- method performance of a specific matrix. Method blanks and laboratory control samples

uniquely measure the laboratory component of method performance, while matrix spikes, matrix
spike duplicates, laboratory sample duplicates, and surrogate spikes measure the matrix
component of method performance, but also reflect laboratory performance. The following
paragraphs discuss the QC samples and parameters to be evaluated to assess the overall

laboratory data quality.

1. Holding Time

Holding time reflects the length of time that a sample or sample extract remains

representative of the environmental conditions. Holding time for method EPA 8021 is 14 days.
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Analytical results of samples whose holding times are exceeded are considered quantitatively

questionable and may be biased low.

2. Duplicate and Replicate Samples

Like the field procedures, the analytical procedures will be evaluated by comparing the
analytical results of duplicate or replicate sample pairs. If the reported values for the sample pair
are similar, the samples are considered to be representative of the environment. A large
difference (greater than 40 percent) between the reported values for the sample pair indicates that
there may have been a problem during the sampling or analysis. Dﬁplicate analyses will be used
to evaluate precision by calculating the RPD between a duplicate sample and its associated
environment sample. The RPD will be compared to the MS/MSD QC limits for precision.
Relative percent difference values within the QC guidelines indicate that good sampling and
analytical procedures were followed. Relative percent difference values outside the QC limits
indicate that sample may be heterogeneous, or that there may have been a problem during

sampling and/or analysis.

3. Method Blanks

Method blanks will be used to evaluate representativeness by identifying any
contaminants that have been introduced during analysis. Method blanks-are generated in the
laboratory and consist of ultra-pure water. Method blanks are carried through each processing
step necessary for an analytical procedure and are analyzed at frequency of one per 20 samples or
daily, whichever is more frequent. These blanks measure contamination briginating from the
laboratory (i.e., water, air, reagents, equipment, and instruments used for analysis), and help in
distinguishing low-level field contamination from laboratory contamination. If analytes of
interest are found in both the method blank and associated environmental samples, the
environmental data will be qualified as per USEPA guidelines (USEPA, 1988b). The data from
the associated samples may be considered quantitatively questionable depending on the relative

concentrations of contaminants in the method blank and the environmental sample.
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4. Laboratory Control Samples

Laboratory control samples (LCS) will be used to evaluate accuracy. These samples are
carried through the same analytical procedures as the environmental samples and are used to
evaluate method and analytical procedure performance in the absence of matrix interference.
Laboratory control samples are prepared in the laboratory and consist of ultra-pure water that is
spiked with specific compounds as outlined in the analytical methods. An LCS sample will be
prepared and analyzed at a frequency of one per 20 samples, or daily, whichever is more’
frequent. Accuracy will be evaluated by calculating the percent recovery for each spiked
compound and comparing it to the QC limits established by the individual methods. -Values
within the established QC limits indicate acceptable analytical accuracy. Values outside the QC

limits indicate that the data may be questionable.

5. Matrix Spike and Matrix Spike Duplicate Samples

Results of MS/MSD sample analysis will be used to evaluate accuracy and precision.
Unlike LCSs, MS/MSD samples are used to assess the influence of the sample matrix (matrix
interference) on the analysis. Each MS/MSD sample will be spiked with the compounds
specified by the analytical method. To evaluate accuracy, the percent recovery for each spiked
compound will be calculated and compared to the QC limits established by the method.
Precision will be evaluated by calculating the RPD between the MS and MSD samples for each
spiked analyte. These RPDs will be compared to the QC limits established by laboratory
performance. Percent recovery and RPD values within the QC limits indicate acceptable
precision and accuracy values outside the QC limits indicate that there may have been a matrix
interference during analysis. The laboratory data validation protocol will be based on precision
and accuracy measurements from MS/MSDs. Individual compound recoveries will be compared
with acceptance limits. If a matrix spike analyte fails acceptance criteria, the MS/MSD will be
reanalyzed and a LCS also will be analyzed. For the method to be considered in control, those
compounds that failed the matrix spike criteria must be within acceptance limits in the LCS. If,
after re-analysis, analytes that failed acceptance criteria in the MS and MSD pass acceptance

criteria in the LCS, these analytes may be considered biased due to sample matrix effects.




All samples analyzed or prepared in a process batch without an MS and MSD will, at a
minimum, have a method blank and LCS. The environmental samples in this batch will be
considered in control if more than 80 percent of the target compounds in the LCS are within

acceptance limits.
IX. PERFORMANCE SYSTEMS AUDITS

A. FIELD PROGRAMS

Oversight of ARA field procedures will be the direct responsibility of the ARA Project
Manager, who will review all elements of the QAPP to ensure that the objectives of the Work
Plan are met. In addition to an initial review, the sampling procedures will be reviewed as the

field work progresses so that any necessary modifications can be made.

Internal audits of ARA field activities (sampling and measurements) will be conducted by
the ARA QC coordinator or the coordinator’s designee. The audits will include examining field
measurement records, field equipment calibration records, field sampling records, field
instrument operation records, sample collection procedures, sample handling and shipping
procedures, and chain of custody procedures. Field activities will be audited early in the project
to verify that all of the procedures outlined in the Work Plan and QAPP are being followed.
Follow-up audits will be conducted to correct deficiencies, and to verify that QA procedures are

maintained throughout the project.

1. Laboratory Audits

In-house and regulatory agency audits of laboratdry systems and performance are a
regular part of a laboratory QC program and are outlined in the subcontract laboratory’s QA/QC
plan. The audits consist of a review of the entire laboratory system and at a minimum include:
examination of sample receiving, log-in storage, and chain of custody documentation procedures;
sample preparation and analysis; and instrumentation procedures. An external audit may be
performed by AL/EQA or its designee prior to or during the field work, to verify proper

implementation of laboratory procedures and adherence to this QAPP.
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X. PREVENTATIVE MAINTENANCE

A. FIELD EQUIPMENT

The field equipment that will be used during this investigation includes an electronic
water-level sounder, a PID and/or FID, and a pH, specific conductivity, salinity, turbidity,
témperature, and dissolved oxygen meter. All meters and instruments will be maintained and
used according to the manufacturers’ directions. Each piece of equipment will be inspected on a
regular basis to ensure that the equipment is operational. Any preventative maintenance or repair

conducted in the field will be recorded in the field log book.

B. LABORATORY EQUIPMENT
1. Documentation

All maintenance performed on an instrument is documented; the name of the analyst
performing the maintenance and the type of maintenance are recorded in the log book. Receipts
from routine maintenance performed by the manufacturer’s representative are kept in folders and

filed in the department’s file cabinets.

2. Contingency Plan

In the event of instrument failure, every effort will be made to analyze samples by
alternate means within holding times. If the redundancy in equivalent instrumentation is
insufficient to handle the affected samples, efforts will be made to secure the same or equivalent
analyses at another location. Lt. Kevin.Judd, AL/EQA, will be advised of any proposed changes

in methodology or location.

XI. DATE ASSESSMENT PROCEDURES

The quality of the field and analytical data will be evaluated using precision, accuracy,
representativeness, completeness, and comparability (PARCC) parameters, which are
quantitative and qualitative statements that describe data quality. The PARCC parameters will
be used to determine whether the data quality objectives of this investigation have been met by

comparing QC sample results and standard procedures with acceptance criteria established for
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this project. The PARCC parameters that will be used for data evaluation are defined in Section

II, Quality Assurance Objectives.

A. FIELD DATA

Field measurement data will be assessed by the ARA QC coordinator or designee. The
data quality evaluation, in terms of the PARCC parameters, will focus primarily on the laboratory
data. However, the field data will be evaluated qualitatively in terms of the PARCC parameters.
The following sections discuss how the PARCC parameters will be used to evaluate the field

data and field sampling procedures.

1. Precision

Sampling precision is affected by the procedures used for sample collection, handling,
and transportation. To reduce the variability that may be introduced during sampling, the Work
Plan outlines the standard sampling, handling, and shipping procedures that will be used for each
sampling program. The use of these procedures should minimize variability in the sampling

process.

In addition, the results of duplicate and replicate sample analyses also will be used to
evaluate sampling precision. The RPD will be calculated for each duplicate sample pair.
Although the results of duplicate sample analyses also reflect the variability associated with
analytical procedures, low RPD values are an indication that consistent sampling techniques were

used for sample collection.

2. Accuracy

Although there is no way to quantitatively measure the accuracy of the field program
using percent recovery, some aspects of accuracy can be assessed, such as comparing the length
of the water-level probe to another measuring tape of known length and proper calibration of the

field instruments.

3. Representativeness

The representativeness of the field data is determined by the design of the data collection

procedures. The sampling and field measurement procedures to be used are based on the needs
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of the study, the existing analytical data, hydrogeology, the physical setting of the field sites, and
the past land use history. Representativeness of the field sampling procedures and the field
measurements will be evaluated by comparing the sampling and measurement procedures used in
the field to the procedures outlined in the Work Plan and this QAPP. In addition, the resuits of
equipment blank samples will be used to evaluate the representativeness of field sampling
procedures. Contaminants detected in equipment blanks are indications that the decontamination
procedures are not completely effective, and that contaminants detected at specific sites may be

attributable to cross-contamination rather than the environment.

4. Comparability

The comparability of the field sampling procedures and field measurement data will be

evaluated by comparing them to previous sampling rounds.

5. Completeness

Completeness of the field program will be evaluated to ensure that the appropriate
number of samples were collected for analysis, and that field data of the type and quantity
outlined in the Work Plan were collected. Completeness of the field investigations will be
evaluated by comparing the actual number of samples and the actual quantity of data that were

collected to the requirements outlined in the Work Plan.

B. LABORATORY DATA

The laboratory data will be assessed by the ARA QC coordinator or designee, and based.
on the assumption that the sample was collected, handled, and analyzed according to the Work
Plan and this QAPP. The data reviewer will conduct a systematic review of the data for
compliance with the QC criteria established in the QAPP, and will identify any data omissions or
data that do not meet the quality control criteria. The reviewer also will interact with the
laboratory to correct any data deficiencies. Decisions to repeat sample collection or analyses will
be made by the ARA Project Manager based on the extent of the data deficiencies and their
importance in the overall context of the project. Resuits of the data assessment will be presented

in an appendix of the report scheduled to summarize the results of the investigation.
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C. LABORATORY DATA ASSESSMENT PROCEDURES

As discussed above, PARCC parameters will be used to evaluate the quality of analytical
data and determine whether the data quality objectives of the project have been met. To asses the
quality of the analytical data, the results of the QC sample analyses will be evaluated using
quality control limits established by the analytical methods used for the analysis, or by past
laboratory performance. Results of the quality control sample evaluation then will be expressed

in terms of the PARCC parameters and used to assess the quality of the analytical data. -

The quality control samples that will be used to evaluate the analytical data for this
program include trip blanks, equipment blanks, duplicate samples, replicate samples, method
blanks, surrogate spikes (when applicable), laboratory control samples, and matrix spike/matrix
spike duplicates samples. The specific types and descriptions of the QC samples that will be
collected in the field are presented in Section I of this QAPP. The total number of each type of
QC sample that will be collected during each sampling program is listed in Table 4 of the Work
Plan. The quality control samples that are prepared in the laboratory and the rate at which these
samples are analyzed are method-specific (see Section IIl. B). The acceptance limits for
MS/MSD, surrogate spikes and LCS are updated periodically. The laboratory shall inform the
Project Manager before new limits are implemented. The following sections describe the criteria

that will be used to evaluate the laboratory data.

1. Precision

Analytical precision is determined by analyzing field duplicates or replicates submitted to
the laboratory, and MS/MSD samples. Relative percent difference is calculated between the
sample pairs and compared with control limit acceptance criteria. The data quality objectives for
precision during this program are based on laboratory established control limits, which are

specific to each analyte.

2. Accuracy

Accuracy is a quantitative measure of the bias of a method or the level of agreement
between a measurement and a known true value. Laboratory accuracy will be evaluated using the

results for MS/MSD, and LCS/LCSD sample analyses. As with precision, the accuracy
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objectives for the data are based on laboratory established limits, and vary with the specific

analyte.

3. Representativeness

Representativeness is a qualitative parameter that evaluates whether or not the data
represent the actual environmental conditions. Representativeness will be evaluated by analysis
of laboratory method and equipment blanks, and duplicate or replicate samples. Laboratory
method and equipment blanks will be used with duplicates or replicates to evaluate labofatory

performance.

Representativeness is also evaluated using holding-time criteria, which reflect the length
of time that a sample or extract remains representative of the environmental conditions after
sample collection. Holding time are compared to standard method-specific holding times
accepted by the EPA. All holding times within the acceptance criteria are considered
representative. Those holding times outside of EPA acceptance criteria are qualitatively

evaluated to determine the effect on sample representativeness.

4. Comparability

Comparability is a qualitative expression of the confidence with which one data set can
be compared to another. Comparability is maximized through the use of standard analytical

methods and units of measurement.

5. Completeness

Completeness also will be used to assess the data. Completeness is expressed as a
percentage and is defined as the number of valid samples relative to the total number of samples
gathered during the sampling programs. Completeness will be calculated using the following

equation:

Completeness = (Number of Valid Samples) / (Total Number of Samples) x 100
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XII. CORRECTIVE ACTIONS

A. FIELD PROGRAMS

The field staff will be responsible for documenting and reporting all suspected technical

and QA non-conformances, and suspected deficiencies during any field activity. The non-

conformances and/or deficiencies will be documented in the field log book and reported to the

ARA Project Manager. If the problem 1s associated with field measurements or sampling

equipment, the field staff will take Lhe'appropriate steps to correct the problem. Typical field

procedures to correct problems include the following:

Repeating the measurement to check for error

Making sure the meters or instruments are adjusted properly for the ambient
conditions, such as temperature

Checking or replacing batteries

Recharging batteries

Recalibrating the instruments

Replacing the meters or instruments used to measure field parameters

Stopping work until the problem is corrected (if necessary).

If a non-conformance or problem requires a major adjustment to the field procedures as

outlined in the Work Plan (e.g., changing sampling methodology), the Project Manager, in

conjunction with the QC Coordinator, will be responsible for initiating corrective actions. The

Project Manager will be responsible for the following:

Evaluating the reported non-conformance

Controlling additional work on non-conforming items
Determining the appropriate corrective actions

Maintaining a log of all non-conformances and corrective actions

Ensuring that explanation of non-conformances and corrective actions is included in
an appendix of the report scheduled for this investigation.

The ARA Project Manager will ensure that no additional work that is dependent on the

non-conforming activity is performed until the appropriate corrective actions are completed.
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B. LABORATORY ANALYSIS

Corrective actions are required whenever unreliable analytical results prevent the quality
control criteria as specified by the method or this QAPP from being met. The corrective action

that is taken depends on the analysis and the non-conformance.
Corrective actions will be undertaken if one of the following occurs:

s QC data are outside the acceptance windows for precision and accuracy
= Blanks contain contaminants above acceptance levels

» Undesirable trends are detected for spike recoveries (or spike recoveries are outside
the QC limits) or RPDs between duplicate analyses are consistently outside QC limits

» There are unusual changes of detection limits during analysis
» Deficiencies are detected during QA audits

» Inquiries concerning data quality are received from AL/EQA

Corrective actions are primarily handled at the bench level by the analyst who reviews the
sample preparation or extraction procedures, and performs the instrument calibration and
analysis. If the problem persists or its cause cannot be identified, the matter will be referred to
the Laboratory Manager or QC Coordinator for further investigation. Once resolved, full
documentation of the corrective action procedure will be filed with the QC Coordinator. A

summary of the corrective actions will be included in the report submitted to AL/EQA.

XIII. QUALITY ASSURANCE REPORTS

All of the analytical data collected during the investigation will be presented in an
appendix to the Report scheduled for this investigation. The following information will be

included in the report:

» Sampling procedures (planned and implemented, problems, and corrective actions)
= Analytical procedures and detection limits

= Analytical data (environmental and QC sample results)

= Results of the data quality evaluation

= Conclusions and recommendations.
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Appendix E

Attachment A

VOLATILE ORGANIC COMPOUND ANALYSIS
QUALITY CONTROL CRITERIA FOR LABORATORY DATA EVALUATION

Analytical Spiking Spike Laboratory-Established Control Limits

Method Compounds Concentration Accuracy Precision
in Water (ug/l) Percent Recovery (%) (RPD %)

Matrix Spike/Matrix Spke Dupiicates

VOCs, SW8260 Matrix

1, 1-Dichioroethane 10 75-124 12
1, 2-Dichloroethene (total) 10 66-134 25
Trichioroethene 5 78-131 14
1, 4-Dichlorobenzene 10 84-117 12
Benzene 5 75-125 16
Toluene 10 79-129 13
o-Xylene 10 83-115 11
Vinyl chioride 2 10-145 29

Laboratory Control Samples

VOCs, SW8260 Matrix

1, 1-Dichioroethane 10 76-119 #N/A
1, 2-Dichioroethene (total) 10 70-126 #N/A
Trichloroethene 5 80-121 #N/A
1, 4-Dichiorobenzene 10 81-119 #N/A
Benzene 5 78-116 #N/A
Toluene 10 80-114 #N/A
o-Xylene 10 81-115 #N/A
Vinyl chloride 2 14-135 o #N/A
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ATTACHMENT B

US EPA METHODS
8000A
8021
5021
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METHOD 8000A

GAS CHROMATOGRAPHY
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METHOD 8000A
GAS CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

1.1 Gas chromatography is a quantitative analytical technique useful for
organic_ compounds capable of being volatilized without being decomposed or
chemically rearranged. Gas chromatography (GC), also known as vapor phase
chromatography (VPC), has two subcategories distinguished by: gas-solid
chromatography (GSC), and gas-liquid chromatography (GLC) or gas-1iquid partition
chromatography (GLPC). This Tast group is the most commonly used, distinguished
by type of column adsorbent or packing.

1.2 The chromatographic methods are recommended for use only by, or under
the close supervision of, experienced residue analysts.

2.0 SUMMARY OF METHOD

2.1 Each organic analytical method that follows provides a recommended
technique for extraction, cleanup, and occasionally, derivatization of the
samples to be analyzed. Before the prepared sample is introduced into the GC,
a procedure for standardization must be followed to determine the recovery and
the limits of detection for the analytes of interest. Following sample
introduction into the GC, analysis proceeds with a comparison of sample values
with standard values. Quantitative analysis is achieved through integration of
peak area or measurement of peak height.

3.0 INTERFERENCES

3.1 Contamination by carryover can occur whenever high-concentration and
low-concentration samples are sequentially analyzed. To reduce carryover, the
sample syringe or purging device must be rinsed out between samples with water
or solvent. Whenever an unusually concentrated sample is encountered, it should
be followed by an analysis of a solvent blank or of water to check for cross
contamination. For volatile samples containing large amounts of water-soluble

‘materials, suspended solids, high boiling compounds or high organohalide

concentrations, it may be necessary to wash out the syringe or purging device
with a detergent solution, rinse it with distilled water, and then dry it in a
105°C oven between analyses.

4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph - Analytical system complete with gas chromatograph
suitable for on-column injections and all required accessories, including
detectors, column supplies, recorder, gases, and syringes. A data system for
measuring peak height and/or peak areas is recommended.

8000A - 1 Revision 1-
November 1990
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4.2 Gas chromatographic columns - See the specific determinative method.

Other packed or capillary (open-tubular) columns may be used if the requirements

of Section 8.4 are met.

5.0 REAGENTS

5.1 See the specific determinative method for the reagents needed.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1. .

7.0 PROCEDURE

7.1 Extraction - Adhere to those procedures specified in thé'referring
determinative method. ’ :

7.2 Cleanup and separation - Adhere to those procedures specified in the
referring determinative method.

7.3 The recommended gas chromatographic columns and operating conditions
for the instrument are specified in the referring determinative method.

7.4 Calibration

7.4.1 Establish gas chromatographic operating parameters equivalent
to those indicated in Section 7.0 of the determinative method of interest.
Prepare calibration standards using the procedures indicated in Section 5.0
of the determinative method of interest. Calibrate the chromatographic
system using either the external standard technique (Section 7.4.2) or the
internal standard technique (Section 7.4.3).

7.4.2 External standard calibration procedure

7.4.2.1 For each analyte of interest, prepare calibration’

standards at a minimum of five concentrations by adding volumes of
one or more stock standards to a volumetric flask and diluting to
volume with an appropriate solvent. One of the external standards
should be at a concentration near, but above, the method detection
Timit. The other concentrations should correspond to the expected
range of concentrations found in real samples or should define the
working range of the detector. :

7.4.2.2 Inject each calibration standard using the technique
that will be used to introduce the actual samples into the gas
chromatograph (e.g. 2-5 pul injections, purge-and-trap, etc.).
Tabulate peak height or area responses against the mass injected.
The results can be used to prepare a calibration curve for each
analyte. Alternatively, for samples that are introduced into the
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gas chromatograph using a syringe, the ratio of the response to the
amount injected, defined as the calibration factor (CF), can be
calculated for each analyte at each standard concentration. If the
percent relative standard deviation (%RSD) of the calibration factor
is less than 20% over the working range, linearity through the origin
can be assumed, and the average calibration factor can be used in
place of a calibration curve. '

*
Total Area of Peak
Mass injected (in nanograms)

Calibration fattor =

* For multiresponse pesticides/PCBs, use the total area of
all peaks used for quantitation.

7.4.2.3 The working calibration curve or calibration factor
must be verified on each working day by the injection of one or more
calibration standards. The frequency of verification is dependent
on the detector. Detectors, such as the electron capture detector,
that operate in the sub-nanogram range are more susceptible to
changes in detector response caused by GC column and sample effects.
Therefore, more frequent verification of calibration is necessary.
The flame ionization detector is much less sensitive and requires
less frequent verification. If the response for any analyte varies
from the predicted response by more than + 15%, a new calibration
curve must be prepared for that analyte.

R1 - Rz
Percent Difference = ~————— x100
R,
where:
R,

R,

Calibration Factor from first analysis.

Calibration Factor from succeeding analyses.
7.4.3 Internal standard calibration procedure

7.4.3.1 To use this approach, the analyst must select one or
more internal standards that are similar in analytical behavior to
the compounds of interest. The analyst must further demonstrate that
the measurement of the internal standard is not affected by method
or matrix interferences. Due to these limitations, no internal
standard applicable to all samples can be suggested.

7.4.3.2 Prepare calibration standards at a minimum of five
concentrations for each analyte of interest by adding volumes of one
or more stock standards to a volumetric flask. To each calibration
standard, add a known constant amount of one or more internal
standards and dilute to volume with an appropriate solvent. One of
the standards should be at a concentration near, but above, the
method detection 1imit. The other concentrations should correspond
to the expected range of concentrations found in real samples or
should define the working range of the detector.
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7.4.3.3 Inject each calibration standard using the sa..
introduction technique that will be applied to the actual samples
(e.g. 2 to 5 pl injection, purge-and-trap, etc.). Tabulate the
peak height or area responses against the concentration of each
compound and internal standard. Calculate response factors (RF)
for each compound as follows:

RF = (A,C,)/(A,C,)

where:

A, = Response for the analyte to be measured.

A,= Response for the internal standard.

C.,= Concentration of the internal standard, pg/L.

C, = Concentration of the analyte to be measured, pg/L.

If the RF value over the working range is constant (< 20% RSD), the
RF can be assumed to be invariant, and the average RF can be used
for calculations. Alternatively, the results can be used to plot
a calibration curve of response ratios, A,/A, versus RF.

7.4.3.4 The working calibration curve or RF must be verified
on each working day by the measurement of one or more calibration
standards. The frequency of verification is dependent on the
detector. Detectors, such as the electron capture detector, that
operate in the sub-nanogram range are more susceptible to changes
in detector response caused by GC column and sample effects.
Therefore, more frequent verification of calibration is necessary.
The flame ionization detector is much less sensitive and requires
less frequent verification. If the response for any analyte varies
from the predicted response by more than + 15%, a new calibration
curve must be prepared for that compound. For methods 8010, 8020,
and 8030, see Table 3 in each method for calibration and quality
control acceptance criteria.

7.5 Retention time windows

7.5.1 Before establishing windows, make sure the GC system is within
optimum operating conditions. Make three injections of all single
component standard mixtures and multiresponse products (i.e. PCBs)
throughout the course of a 72 hour period. Serial injections over less
than a 72 hour period result in retention time windows that are too tight.

7.5.2 Calculate the standard deviation of the three 'absolute
retention times for each single component standard. For multiresponse
products, choose one major peak from the envelope and calculate the

standard deviation of the three retention times for that peak. The peak

chosen should be fairly immune to losses due to degradation and weathering
in samples.
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7.5.2.1 Plus or minus three times the standard deviation of
the absolute retention times for each standard will be used to define
the retention time window; however, the experience of the analyst
should weigh heavily in the interpretation of chromatograms. For
multiresponse analytes (i.e. PCBs), the analyst should use the
retention time window, but should primarily rely on pattern
recognition.

7.5.2.2 1In those cases where the standard deviation for a
particular standard is zero, the laboratory must substitute the
standard deviation of a c]ose eluting, similar compound to deve]op
a valid retention time window.

7.5.3 The laboratory must calculate retention time windows for each
standard on each GC column and whenever a new GC column is installed. The
data must be retained by the laboratory.

7.6 Gas chromategraphic analysis

7.6.1 Introduction of organic compounds into the gas chromatograph
varies depending on the volatility of the compound. Volatile organics are
primarily introduced by purge-and-trap (Method 5030). However, there are
limited applications (in Method 5030) where direct injection is acceptable.
Use of Method 3810 or 3820 as a screening technique for velatile organic
analysis may be valuable with some sample matrices to prevent overloading
and contamination of the GC systems. Semivolatile organics are introduced
by direct injection.

7.6.2 The appropriate detector(s) is given in the specific method.

7.6.3 Samples are analyzed in a set referred to as an analysis
sequence. The sequence begins with instrument calibration followed by
sample extracts interspersed with multi-concentration calibration
standards. The sequence ends when the set of samples has been injected
or when qualitative and/or quantitative QC criteria are exceeded.

7.6.4 Direct Injection - Inject 2-5 pl of the sample extract using
the solvent flush technique, if the extract is manually injected. Smaller
volumes (1.0 pl) can be injected, and the solvent flush technique is not
required, if automatic devices are employed. Record the volume injected
to the nearest 0.05 plL and the resulting peak size in area units or peak
height.

7.6.5 If the responses exceed the 1inear range of the system, dilute
the extract and reanalyze. It is recommended that extracts be diluted so
that all peaks are on _scale. Overlapping peaks are not always evident when
peaks are off scale. Computer reproduction of chromatograms, manipulated
to ensure all peaks are on scale over a 100-fold range, are acceptable if
linearity is demonstrated. Peak height measurements are recommended over
peak area integration when overlapping peaks cause errors in area
integration.
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7.6.6 If peak detection is prevented by the presence of
interferences, further cleanup is required. '

7.6.7 Examples of chromatograms for the compounds of interest are
frequently available in the referring analytical method.

7.6.8 Calibrate the system immediately prior to conducting any
analyses (see Section 7.4). A mid-concentration standard must also be
injected at intervals specified in the method and at the end of the
analysis sequence. The calibration factor for each analyte to be
quantitated, must not exceed a 15% difference when compared to the initial
standard of the analysis sequence. When this criteria is exceeded, inspect
the GC system to determine the cause and perform whatever maintenance is
necessary (see Section 7.7) before recalibrating and proceeding with sample
analysis. A1l samples that were injected after the standard exceeding the
criteria must be reinjected, if the initial analysis indicated the presence
of the specific target analytes that exceeded the criteria.

7.6.9 Establish daily retention time windows for each analyte.
Use the absolute retention time for each analyte from Section 7.6.8 as
the midpoint of the window for that day. The daily retention time window
equals the midpoint + three times the standard deviation determined in
Section 7.5,

7.6.9.1 Tentative identification of an analyte occurs when
a peak from a sample extract falls within the daily retention time
window. Normally, confirmation is required: on a second GC column,
by GC/MS if concentration permits, or by other recognized
confirmation techniques. Confirmation may not be necessary if the
composition of the sample matrix is well established by prior
analyses.

7.6.9.2 Validation of GC system qualitative performance:
Use the mid-concentration standards interspersed throughout the
analysis sequence (Section 7.6.8) to evaluate this criterion. If
any of the standards fall outside their daily retention time window,
the system is out of control. Determine the cause of the problem
and correct it -(see Section 7.7).

7.7 Suggested chromatography system maintenance - Corrective measures may
require any one or more of the following remedial actions.

7.7.1 Packed columns - For instruments with injection port traps,
replace the demister trap, clean, and deactivate the glass injection port
insert or replace with a cleaned and deactivated insert. Inspect the
injection end of the column and remove any foreign material (broken glass
from the rim of the column or pieces of septa). Replace the glass wool
with fresh deactivated glass wool. Also, it may be necessary to remove
the first few millimeters of the packing material if any discoloration is
noted, also swab out the inside walls of the column if any residue is
noted. If these procedures fail to eliminate the degradation problem, it
may be necessary to deactivate the metal injector body (described in
Section 7.7.3) and/or repack/replace the column.
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7.7.2 Capillary columns - Clean and deactivate the glass injection
port insert or replace with a cleaned and deactivated insert. Break off
the first few inches, up to one foot, of the injection port side of the
column. Remove the column and solvent backflush according to the
manufacturer’s instructions. If these procedures fail to eliminate the
degradation problem, it may be necessary to deactivate the metal injector
body and/or replace the column.

7.7.3 Metal injector body - Turn off the oven and remove the
analytical column when the oven has cooled. Remove the glass injection
port insert (instruments with off-column injection or Grob). Lower the
injection port temperature to room temperature. Inspect the injection
port and remove any noticeable foreign material.

7.7.3.1 Place a beaker beneath the injector port inside the
GC oven. Using a wash bottle, serially rinse the entire inside of
the injector port with acetone and then toluene; catching the rinsate
in the beaker.

7.7.3.2 Prepare a solution of deactivating agent (Sylon-CT
or equivalent) following manufacturer’s directions. After all metal
surfaces inside the injector body have been thoroughly coated with
the deactivation solution, serially rinse the injector body with
toluene, methanol, acetone, and hexane. Reassemble the injector and
replace the GC column.

7.8 Calculations

7.8.1 External standard calibration - The concentration of each
analyte in the sample may be determined by calculating the amount of
standard purged or injected, from the peak response, using the calibration
curve or the calibration factor determined in Section 7.4.2. The
concentration of a specific analyte is calculated as follows:

Agueous samples

Concentration (pg/L) = [(A)(A)(V.)(D)I/L(A)(V)(V,)]

where:

A, = Response for the analyte in the sample, units may be in area
counts or peak height.

A = Amount of standard injected or purged, ng.
A, = Response for the external standard, units same as for A,.

Vi = Volume of extract injected, pL. For purge-and-trap analysis,
V, is not applicable and therefore = 1.

D = Dilution factor, if dilution was made on the sample prior to
analysis. If no dilution was made, D = 1, dimensionless.
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V. = Volume of total extract, pl. For purge-and-trap analysis,
V, is not applicable and therefore = 1.

V, = Volume of sample extracted or purged, mL.

Nonaqueous samples

Concentration (ug/Kg) = [(A,)(A)(V,)(D)I/[(A,)(V,)(W)]

where:

W = Weight of sample extracted or purged, g. The wet weight or
dry weight may be used, depending upon the specific
applications of the data.

A, A, A, V,, D, and V, have the same definition as for aqueous
samples.

7.8.2 Internal standard calibration - For each analyte of interest,
the concentration of that analyte in the sample is calculated as follows:

Aqueous samples

Concentration (pg/L) = LA (C) (D) /T (AL) (RF)(V,)]
where:

A, = Response of the analyte being measured, units may be in area
counts or peak height.

C.= Amount of internal standard added to extract or volume purged,
ng. :

D = Dilution factor, if a dilution was made on the sample prior
to analysis. If no dilution was made, D = 1, dimensionless.

A.=  Response of the internal standard, units same as A,.
RF = Response factor for analyte, as determined in SeCtion'7.4.3.3.

V., = Volume of water extracted or purged, mL.

Nonagueous samples

Concentration (pg/Kg) = [(A,)(C,)(D)]/[(A,)(RF)(W,)]

where:
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W, = Weight of sample extracted, g. Etither a dry weight or wet
weight may be used, depending upon the specific application
of the data.

A, C., D, A,, and RF have the same definition as for aqueous

1%

samples.

8.0 QUALITY CONTROL

- 8.1 Refer to Chapter One for specific quality control procedures.

8.2 The experience of the analyst in performing gas chromatography is

invaluable to the success of the methods.

8.2.1 Each day that analysis is performed, the daily calibration
sample should be evaluated to determine if the chromatographic system is
operating properly. Questions that should be asked are: Do the peaks
Took normal?; Is the response obtained comparable to the response from
previous calibrations? Careful examination of the standard chromatogram
can indicate whether the column js still good, the injector is leaking,
the injector septum needs replacing, etc. If any changes are made to the
system (e.g. column changed), recalibration of the system must take place.

8.2.2 The performance of the entire analytical system should be
checked daily, using data gathered from analyses of blanks, standards,
and replicate samples. Significant peak tailing must be corrected.
Tailing problems are generally traceable to active sites on the GC column
or to the detector operation.

8.2.3 The precision between replicate analyses of standards and
check samples should be evaluated. A properly operating system should
perform with an average relative standard deviation of less than 10%.
Poor precision is generally traceable to pneumatic leaks, especially at
the injection port.

8.3 Required instrument QC

8.3.1 Section 7.4 requires that the %RSD vary by < 20% when
comparing calibration factors to determine if a five point calibration
curve is linear.

8.3.2 Section 7.4 sets a limit of + 15% difference when comparing
daily response of a given analyte versus the initial response. If the
limit is exceeded, a new standard curve must be prepared.

8.3.3 Section 7.5 requires the establishment of retention time
windows.

8.3.4 Section 7.6.8 sets a 1imit of + 15% difference when comparing
the initial response of a given analyte versus any succeeding standards
analyzed during an analysis sequence. <
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8.3.5 Section 7.6.9.2 requires that all succeeding standards in an
analysis sequence must fall within the daily retention time window
established by the first standard of the sequence.

8.4 To establish the ability to generate data of acceptable bias and

precision, the analyst must perform the following operations:

=

(aa]

8.4.1 A quality control (QC) check sample concentrate is required
containing each analyte of interest. The QC check sample concentrate may
be prepared from pure standard materials, or purchased as certified
solutions. If prepared by the laboratory, the QC check sample concentrate
must be made using stock standards prepared independently from those used
for calibration.

. 8.4.1.1 The concentration of the QC check sample concentrate
is highly dependent upon the analytes being investigated. Therefore,
refer to Method 3500, Section 8.0 for the required concentration of
the QC check sample concentrate.

8.4.2 Preparation of QC check samples

8.4.2.1 Volatile organic analytes - Prepare the QC check
sample by adding 200 pl of the QC check sample concentrate (Section
8.4.1) to 100 mL of water.

8.4.2.2 Semivolatile organic analytes - Prepare the QC check
sample by adding 1.0 mL of the QC check sample concentrate (Section
8.4.1) to each of four 1 L aliquots of water.

8.4.3 Analyze replicate aliquots (at least four) of the well mixed
QC check sample by the same procedures used to analyze actual samples
(Section 7.0 of each of the methods). For volatile organics, the
preparation/analysis process is purge-and-trap/gas .chromatography, or
direct injection/gas chromatography. For semivolatile organics, the QC
check samples must undergo solvent extraction (see Method 3500) prior to
chromatographic analysis.

8.4.4 Calculate the average recovery (x) in pg/L, and the standard

‘deviation of the recovery (s) in pg/L, for each analyte of interest using

the four results.

8.4.5 For each analyte compare s and x with the corresponding
acceptance criteria for precision and accuracy, respectively, given in
the QC Acceptance Criteria Table at the end of each of the determinative
methods. If s and x for all analytes of interest meet the acceptance
criteria, the system performance is acceptable and analysis of actual
samples can begin. If any individual s exceeds the precision limit or

any individual x falls outside the range for accuracy, then the system
performance is unacceptable for that analyte.

: The large number of analytes in each of the QC Acceptance Criteria Tables

present a substantial probability that one or more will fail at least one
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of the acceptance criteria when all analytes of a given method are
determined.

8.4.6 When one or more of the analytes tested fail at Jeast one of

the acceptance criteria, the analyst must proceed according to Section

8.4.6.

8.5
the matrix o

] or 8.4.6.2.

8.4.6.1 Locate and correct the source of the problem and
repeat the test for all analytes of interest beginning with
Section 8.4.2.

8.4.6.2 Beginning with Section 8.4.2, rep2at the test only
for those analytes that failed to meet criteria. Repeated failure,
however, will confirm a general problem with the measurement system.
If this occurs, locate and correct the source of the problem and
repeat the test for all compounds of interest beginning with
Section 8.4.2.

The Taboratory must have procedures for documenting the effect of
n method performance, including the analysis of at least one matrix

spike and either one matrix duplicate or one matrix spike duplicate per
analytical batch.

8.5.1 The concentration of the spike in the sample should be

determined as follows:

determ

8.5.1.1 If, as in compliance monitoring, the concentration
of a specific analyte in the sample is being checked against a
regulatory concentration limit, the spike should be at that limit,
or 1 to 5 times higher than the background concentration determined
in Section 8.5.2, whichever concentration would be larger.

8.5.1.2 If the concentration of a specific analyte in a water
sample is not being checked against a 1imit specific to that analyte,
the spike should be at the same concentration as the QC reference
sample (Section 8.4.2) or 1 to 5 times higher than the background
concentration determined in Section 8.5.2, whichever concentration
would be Tlarger.: For other matrices, the recommended spiking
concentration is 20 times the estimated quantitation limit (EQL).

8.5.1.3 For semivolatile organics, it may not be possible to
determine the background concentrations prior to spiking (e.g.
maximum holding times will be exceeded). If this is the case, the
spike concentration should be (1) the regulatory concentration limit,
if any; or, if none (2) the larger of either 5 times higher than the
expected background concentration or the QC reference sample
concentration (Section 8.4.2). For other matrices, the recommended
spiking concentration is 20 times the EQL.

8.5.2 Analyze one unspiked and one spiked sample aliquot to
ine percent recovery of each of the spiked compounds.

8.5.2.1 Volatile organics - Analyze one 5 mL sample aliquot
to determine the background concentration of each analyte. If
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necessary, prepare a new QC reference sample concentrate
(Section 8.4.1) appropriate for the background concentration in the
sample. Spike a second 5 mL sample aliquot with 10 plL of the Qc
reference sample concentrate and analyze it to determine the
concentration after spiking of each analyte. Calculate each percent
recovery (%R) as:

%R = 100 (x, - x,)/ K,

where: = measured value for spiked sample,
= measured value for unspiked sample, and

known value of the spike in the sample.

XS
XU
K

8.5.2.2 Semivolatile organics - Analyze one sample aliquot
(extract of 1 L sample) to determine the background concentration
of each analyte. If necessary, prepare a new QC reference sample
concentrate (Section 8.4.1) appropriate for the background
concentration in the sample. Spike a second 1 L sample aliquot with
1.0 mL of the QC reference sample concentrate and analyze it to
determine the concentration after spiking of each analyte. Calculate
each percent recovery according to the calculation in Section
8.5.2.1.

8.5.3 Compare the percent recovery (%R) for each analyte in a water
sample with the corresponding criteria presented in the QC Acceptance
Criteria Table found at the end of each of the determinative methods.
These acceptance criteria were calculated to include an allowance for error
in measurement of both the background and spike concentrations, assuming
a spike to background ratio of 5:1. This error will be accounted for to
the extent that the analyst’s spike to background ratio approaches 5:1.
If spiking was performed at a concentration lower than the QC reference
sample concentration (Section 8.4.2), the analyst must use either the QC
acceptance criteria presented in the Tables, or optional QC acceptance
criteria calculated for the specific spike concentration. To calculate
optional acceptance criteria for the recovery of an analyte: (1) Calculate
accuracy (x’) using the equation found in the Method Accuracy and Precision
as a Function of Concentration Table (appears at the end of each
determinative method), substituting the spike concentration (T) for C; (2)
calculate overall precision (S') using the equation in the same Table,
substituting x’ for x; (3) calculate the range for recovery at the spike
concentration as (100x'/T) + 2.44(100S’/T)%. _

8.5.4 If any individual %R falls outside the designated range for
recovery, that analyte has failed the acceptance criteria. A check
standard containing each analyte that failed the criteria must be analyzed
as described in Section 8.56.

8.6 If any analyte in a water sample fails the acceptance criteria for
recovery in Section 8.5, a QC reference standard containing each analyte that
failed must be prepared and analyzed.

NOTE: The frequency for the required analysis of a QC reference standard will
depend upon the number of analytes being simultaneously tested, the
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compiexity of the sample matrix, and the performance of the laboratory.
If the entire 1ist of analytes given in a method must be measured in the
sample in Section 8.5, the probability that the analysis of a QC check
standard will be required is high. 1In this case, the QC check standard
should be routinely analyzed with the spiked sample.

8.6.1 Preparation of the QC check sample - For volatile organics,
add 10 gL of the QC check sample concentrate (Section 8.4.1) to 5 mL of
water. For semivolatile organics, add 1.0 mL of the QC check sample
concentrate (Section 8.4.1) to 1 L of water. The QC check sample needs
only to contain the analytes that failed criteria in the test in Section
8.5. Prepare the QC check sample for analysis following the guidelines
given in Method 3500 (e.g. purge-and-trap, extraction, etc.).

B8.6.2 Analyze the QC check sample to determine the concentration
measured of each analyte. Calculate each percent recovery (%R) as

%R = 100 (x/T),

where: x = measured value for reference value,
T = true value of the standard concentration.

8.6.3 Compare the percent recovery (%R) for each analyte with the
corresponding QC acceptance criteria found in the appropriate Table in
each of the methods. Only analytes that failed the test in Section 8.5
need to be compared with these criteria. If the recovery of any such
analyte falls outside the designated range, the laboratory performance
for that analyte is judged to be out of control, and the problem must be
immediately identified and corrected.

8.7 Procedures for determination of acceptable bias and precision

8.7.1 For aqueous and soil matrices, these laboratory established
surrogate control limits should, if applicable, be compared with the
control limits presented in Methods 8240 and 8270. The limits given in
these methods are multi-laboratory performance based limits for soil and
aqueous samples, and therefore, the established single-laboratory limits

- must fall within those given for these matrices.

8.7.2 If recovery is not within limits, the following aré required.
8.7.2.1 Check to be sure that there are no errors in the
calculations, surrogate solutions or internal standards. If errors
are found, recalculate the data accordingly.
8.7.2.2 Check instrument performance. If an instrument
performance problem is identified, correct the problem and re-analyze
the extract.

8.7.2.3 If no problem is found, re-extract and re-analyze the
sample.
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8.7.2.4 If, upon re-analysis, the recovery is again not within
Timits, flag the data as "estimated concentration”.

8.8 It is recommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific practices that are
most productive depend upon the needs of the Taboratory, the nature of the
samples, and project-specific requirements. Field duplicates may be analyzed
to assess the precision of the environmental measurements. When doubt exists
over the identification of a peak on the chromatogram, confirmatory techniques
such as gas chromatography with a dissimilar column, specific element detector,
or mass spectrometer must be used. Whenever possible, the laboratory should
analyze standard reference materials and participate in relevant performance
evaluation studies.

9.0 METHOD PERFORMANCE

9.1 The method detection limit (MDL) is defined as the minimum -
concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. The MDL concentrations listed in the
referring analytical methods were obtained using water. Similar results were
achieved using representative wastewaters. The MDL actually achieved in a given
analysis will vary depending on instrument sensitivity and matrix effects.

9.2 Refer to the determinative method for specific method performance
information.

10.0 REFERENCES

1. U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the
Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim
Final Rule and Proposed Rule," October 26, 1984,

2. U.S. EPA Contract Laboratory Program, Statement of Work for Organic
Analysis, July 1985, Revision.
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METHOD 8021

HALOGENATED AND AROMATIC VOLATILES BY GAS CHROMATOGRAPHY USING
ELECTROLYTIC CONDUCTIVITY AND PHOTOIONIZATION DETECTORS

IN SERIES: CAPTLLARY TECHNIQUE

1.0 SCOPE AND APPLICATION

1.1 Method 8021 is used to determine volatile organic compounds in a

variety of solid waste matrices.

This method is applicable to nearly all types

of samples, regardless of water content, including ground water, aqueous sludges,

caustic liquors, acid liguors,
fibrous wastes, polymeric emulsions,
catalysts, soils, and sediments.

this method:

waste solvents,
filter cakes,

oily wastes,

mousses, tars,
spent carbons, spent
The following compounds can be determined by

Appropriate Technigue

Direct

Analyte CAS No.* Purge-and-Trap Injection
Benzene 71-43-2 b b
Bromobenzene 108-86-1 b b
Bromochloromethane 74-97-5 b b
Bromodichloromethane 75-27-4 b b
Bromoform 75-25-2 b b
Bromomethane 74-83-9 b b
n-Butylbenzene 104-51-8 b b
sec-Butylbenzene 135-98-8 b b
tert-Butylibenzene 88-06-6 b b
Carbon tetrachloride 56-23-5 b b
Chlorobenzene 108-90-7 b- b
Chlorodibromomethane 124-48-1 b b
Chloroethane 75-00-3 b b
Chloroform 67-66-3 b b
Chloromethane 74-87-3 b b
~2-Chlorotoluene . 95-49-8 b b
4-Chlorotoluene 106-43-4 b b
1,2-Dibromo-3-chloropropane 96-12-8 pp b
1,2-Dibromoethane 106-93-4 b b
Dibromomethane 74-95-3 b b
1,2-Dichlorobenzene 95-50-1 b b
1,3-Dichlorobenzene 541-73-1 b b
1,4-Dichlorobenzene 106-46-7 b b
Dichlorodifluoromethane 75-71-8 b b
1,1-Dichloroethane 75-34-3 b b
2 b b
4 b b
4 b b
5 b b

1,2-Dichloroethane 107-06-
1,1-Dichloroethene 75-35-
cis-1,2-Dichloroethene 156-59-
trans-1,2-Dichloroethene 156-60-
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Appropriate Technique

Direct
Analyte CAS No.* Purge-and-Trap Injection
1,2-Dichloropropane 78-87-5 b b
1,3-Dichloropropane 142-28-9 b b
2,2-Dichloropropane 590-20-7 b b
1,1-Dichloropropene 563-58-6 b b
cis-1,3-dichloropropene 10061-01-5 b b
trans-1,3-dichloropropene 10061-02-6 b b
Ethylbenzene 100-41-4 b b
Hexachlorobutadiene 87-68-3 b b
Isopropylbenzene 98-82-8 b b
p-Isopropyltoluene 99-87-6 b b
Methylene chloride 75-09-2 b b
Naphthalene 91-20-3 b b
n-Propylbenzene 103-65-1 b b
Styrene 100-42-5 b b
1,1,1,2-Tetrachloroethane 630-20-6 b b
1,1,2,2-Tetrachloroethane 79-34-5 b b
Tetrachloroethene 127-18-4 b b
Toluene 108-88-3 b b
1,2,3-Trichlorobenzene 87-61-6 b b
1,2,4-Trichlorobenzene 120-82-1 b b
1,1,1-Trichloroethane 71-55-6 b b
1,1,2-Trichloroethane 79-00-5 b b
Trichloroethene 79-01-6 b b
Trichlorofluoromethane 75-69-4 b b
1,2,3-Trichloropropane 96-18-4 b b
1,2,4-Trimethylbenzene 95-63-6 b b
1,3,5-Trimethylbenzene 108-67-8 b b
Vinyl chloride 75-01-4 b b
o-Xylene 95-47-6 b b
m-Xylene 108-38-3 b b
p-Xylene . 106-42-3 b b

a  Chemical Abstract Services Registry Number.
b Adequate response by this technique.
pp Poor purging efficiency resulting in high EQLs.
i Inappropriate technique for this analyte.
pc Poor chromatographic behavior.

1.2 Method detection 1imits (MDLs) are compound dependent and vary with
purging efficiency and concentration. The MDLs for selected analytes are
presented in Table 1. The applicable concentration range of this method is
compound and instrument dependent but is approximately 0.1 to 200 pg/L.
Analytes that are inefficiently purged from water will not be detected when
present at low concentrations, but they can be measured with acceptable accuracy
and precision when present in sufficient amounts. Determination of some
structural isomers (i.e. xylenes) may be hampered by coelution.
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1.3 The estimated quantitation limit (EQL) of Method 8021 for an
individual compound is approximately 1 -ug/Kg (wet weight) for soil/sediment
samples, 0.1 mg/Kg (wet weight) for wastes, and 1 pg/L for ground water (see
Table 3). EQLs will be proportionately higher for sample extracts and samples
that require dilution or reduced sample size to avoid saturation of the detector.

1.4 This method is recommended for use only by analysts experienced in
the measurement of purgeable organics at low ug/L concentrations, or by
experienced technicians under the close supervision of a qualified analyst.

1.5 The toxicity or carcinogenicity of chemicals used in this method
has not been precisely defined. Each chemical should be treated as a potential
health hazard, and exposure to these chemicals should be minimized. Each
laboratory is responsible for maintaining awareness of OSHA regulations regarding
safe handling of chemicals used in this method. Additional references to
laboratory safety are avaijlable for the information of the analyst (references
4 and §).

1.6 The following method analytes have been tentatively classified as
known or suspected human or mammalian carcinogens: benzene, carbon tetrachloride,
1,4-dichlorobenzene, 1,2-dichloroethane, hexachloro-butadiene, 1,1,2,2-
tetrachloroethane, 1,1,2-trichloroethane, chloroform, 1,2-dibromoethane,
tetrachloroethene, trichloroethene, and vinyl chloride. Pure standard materijals
and stock standard solutions of these compounds should be handled in a hood.
A NIOSH/MESA approved toxic gas respirator should be worn when the analyst
handles high concentrations of these toxic compounds.

2.0 SUMMARY OF METHOD

2.1 Method 8021 provides gas chromatographic conditions for the detection
of halogenated and aromatic volatile organic compounds. Samples can be analyzed
using direct injection or purge-and-trap (Method 5030). Ground water samples
must be analyzed using Method 5030 (where applicable). A temperature program
is used in the gas chromatograph to separate the organic compounds. Detectijon
is achieved by an electrolytic conductivity detector (HECD) and a photoionization
detector (PID) in series.

2.2  Tentative identifications are obtained by analyzing standards under
the same conditions used for samples and comparing resultant GC retention times.
Confirmatory information can be gained by comparing the relative response from
the two detectors. Concentrations of the identified components are measured by
relating the response produced for that compound to the response produced by a
compound that is used as an internal standard.

3.0  INTERFERENCES
3.1 Refer to Methods 5030 and 8000.
3.2 Samples can be contaminited by diffusion of volatile organics

(particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage. A trip blank prepared from
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organic-free reagent water and carried through sampling and subsequent storage
and handling can serve as a check on such contamination.
-

4.0 APPARATUS AND MATERIALS

4.1 Sample introduction apparatus - Refer to Method 5030 for the
appropriate equipment for sample introduction purposes.

4.2 Gas Chromatograph - capable of temperature programming; equipped
withvariab1e-constantdifferentia]f]owcontro]]ers,subambientovencontrol]er,
photoionization and electrolytic conductivity detectors connected with a short
piece of uncoated capillary tubing, 0.32-0.5 mm ID, and data system.

4.2.1 Column - 60 m x 0.75 mm ID VOCOL wide-bore capillary column
with 1.5 um film thickness (Supelco Inc., or equivalent).

4.2.2 Photoionization detector (PID) (Tracor Model ~ 703, or
equivalent).

4.2.3 Electrolytic conductivity detector (HECD) (Tracor Hall Model
700-A, or equivalent).

4.3 Syringes - 5 mL glass hypodermic with Luer-Lok tips.
4.4 Syringe valves - 2-way with Luer ends (Teflon or Kel-F).

4.5 Microsyringe - 25 pl with a 2 in. x 0.006 in. ID, 22° bevel needle
(Hamilton #702N or equivalent).

4.6 Microsyringes - 10, 100 plL.

4.7 Syringes - 0.5, 1.0, and 5 mL, gas tight with shut-off valve.
4.8 Bottles - 15 mL, Teflon lined with screw-cap or crimp top.
4.9 Analytical balance - 0.000] gq.

4,10 Refrigerator. |

4.11 Volumetric flasks, Class A - 10 to 1000 mL.

5.0  REAGENTS

5.1 Reagent grade inorganic chemicals shall be used in all tests. Unless
otherwise indicated, it is intended that all inorganic reagents shall conform
to the specifications of the Committee on Analytical Reagents of the American
Chemical Society, where such specifications are available. Other grades may.be
used, provided it is first ascertained that the reagent is of sufficiept1y.hlgh
purity to permit its use without lessening the accuracy of the determination.

5.2 Organic-free reagent water. All references to water in this method
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refer to organic-free reagent water, as defined in Chapter One.

5.3 Methanol, CH,0H - Pesticide quality or equivalent, demonstrated to
be free of analytes. Store away from other solvents.

5.4 Vinyl chloride, (99.9% pure), CH,=CHC1. Vinyl chloride is available
from ldeal Gas Products, Inc., Edison, New Jersey and from Matheson, East
Rutherford, New Jersey, as well as from other sources. Certified mixtures of
vinyl chloride in nitrogen at 1.0 and 10.0 ppm (v/v) are available from several
sources.

5.5 Stock standards - Stock solutions may either be prepared from pure
standard materials or purchased as certified solutions. Prepare stock standards
in methanol using assayed liquids or gases, as appropriate. Because of the
toxicity of some of the organohalides, primary dilutions of these materials of
the toxicity should be prepared in a hood.

5.5.1 Place about 9.8 mL of methanol in a 10 mL tared ground glass
stoppered volumetric flask. Allow the flask to stand, unstoppered, for
about 10 minutes until all alcohol-wetted surfaces have dried. Weigh the
flask to the nearest 0.1 mg.

5.5.2 Add the assayed reference material, as described below.

5.5.2.1 Liquids: Using a 100 pl syringe, immediately add
two or more drops of assayed reference material to the flask; then
reweigh. The liquid must fall directly into the alcohol without
contacting the neck of the flask.

5.5.2.2 Gases: To prepare standards for any compounds that
boil below 30°C (e.g. bromomethane, chloroethane, chloromethane,
dichlorodifluoromethane, trichlorofluoromethane, vinyl chloride),
fi1ll a 5 mL valved gas-tight syringe with the reference standard to
the 5.0 mL mark. Lower the needle to 5 mm above the methanol
meniscus. Slowly introduce the reference standard above the surface
of the liquid. The heavy gas rapidly dissolves in the methanol.
This may also be accomplished by using a lecture bottle equipped with
a Hamilton Lecture Bottle Septum (#86600). Attach-Teflon tubing to
the side-arm relief valve and direct a gentle stream of gas into the
methanol meniscus. : '

5.5.3 Reweigh, dilute to volume, stopper, and then mix by inverting
the flask several times. Calculate the concentration in milligrams per
liter (mg/L) from the net gain in weight. When compound purity is assayed
to be 96% or greater, the weight may be used without correction to
calculate the concentration of the stock standard. Commercially prepared
stock standards may be used at any concentration if they are certified by
the manufacturer or by an independent source.

5.5.4 Transfer the stock standard solution into a bottle with a
Teflon lined screw-cap or crimp top. Store, with minimal headspace, at
-10°C to -20°C and protect from light.
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5.5.5 Prepare fresh stock standards every two months for gases.
Reactive compounds such as 2-chloroethylvinyl ether and styrene may need
to be prepared more frequently. A1l other standards must be replaced
after six months. Both gas and 1iquid standards must be monitored closely
by comparison to the initial calibration curve and by comparison to QC
reference samples. It may be necessary to replace the standards more
frequently if either check exceeds a 25% difference.

5.6  Prepare secondary dilution standards, using stock standard solutions,
in methanol, as needed, that contain the compounds of interest, either singly
or mixed together. The secondary dilution standards should be prepared at
concentrations such that the aqueous calibration standards prepared in Section’
5.7 will bracket the working range of the analytical system. Secondary dilution
standards should be stored with minimal headspace for volatiles and should be
checked frequently for signs of degradation or evaporation, especially just prior
to preparing calibration standards from them.

5.7 Calibration standards, at a minimum of five concentrations are
prepared in organic-free reagent water from the secondary dilution of the stock
standards. One of the concentrations should be at a concentration near, but
above, the method detection 1limit. The remaining concentrations should
correspond to the expected range of the concentrations found in real samples or
should define the working range of the GC. Standards (one or more) should
contain each analyte for detection by this method (e.g. some or all of the target
analytes may be included). In order to prepare accurate aqueous standard
solutions, the following precautions must be observed.

5.7.1 Do not inject more than 20 ul of alcoholic standards into
100 mL of water. :

5.7.2 Use a 25 plL Hamilton 702N microsyringe or equivalent
(variations in needle geometry will adversely affect the ability to deliver
reproducible volumes of methanolic standards into water).

5.7.3 Rapidly inject the alcoholic standard into the filled
volumetric flask. Remove the needle as fast as possible after injection.

5.7.4 Mix aqueous standards by inverting the flask three times.

5.7.5 Fill the sample syringe from the standard so]utioh contained
in the expanded area of the flask (do not use any solution contained in
the neck of the flask).

5.7.6 Never use pipets to dilute or transfer samples or aqueous
standards.

5.7.7 Aqueous standards are not stable and should be discarded
after one hour, unless properly sealed and stored. The aqueous standards
can be stored up to 12 hours, if held in sealed vials with zero headspace.

5.8 Internal standards - Prepare a spiking solution containing -
fluorobenzene and 2-bromo-1l-chloropropane in methanol, using the progedures
described in Sections 5.5 and 5.6. It is recommended that the secondary q11ut1on
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standard be prepared at a concentration of 5 mg/L of each internal standard
compound. The addition of 10 pl of such a standard to 5.0 mL of sample or
calibration standard would be equivalent to 10 pg/L.

5.9 Surrogate standards - The analyst should monitor both the performance
of the analytical system and the effectiveness of the method in dealing with each
sample matrix by spiking each sample, standard, and reagent blank with two or
more surrogate compounds. A combination of bromochloromethane, 2-bromo-1-
chloropropane and 1,4-dichlorobutane is recommended to encompass the range of
the temperature program used in this method. From stock standard solutions
prepared as in Section 5.5, add a volume to give 750 pg of each surrogate to
45 mL of organic-free reagent water contained in a 50 mL volumetric flask, mix,
and dilute to volume for a concentration of 15 ng/uL. Add 10 pl of this
surrogate spiking solution directly into the 5 mL syringe with every sample and
reference standard analyzed. If the internal standard calibration procedure is
used, the surrogate compounds may be added directly to the internal standard
spiking solution (Section 5.8).

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1.
7.0  PROCEDURE

7.1 Volatile compounds are introduced into the gas chromatograph either
by direct injection or purge-and-trap (Method 5030). Method 5030 may be used
directly on ground water samples or low-concentration contaminated soils and
sediments. For medium-concentration soils or sediments, methanolic extraction,
as described in Method 5030, may be necessary prior to purge-and-trap analysis.

7.2 Gas chromatography conditions (Recommended)

7.2.1 Oven settings:

Carrier gas (Helium) Flow rate: émlL/min.
Temperature program .
Initial temperature: 10°C, hold for 8 minutes at
Program: 10°C to 180°C at 4°C/min
Final temperature: 180°C, hold until all expected

compounds have eluted.

7.2.2 The carrier gas flow is augmented with an additional 24 mL
of helium flow before entering the photoionization detector. This make-
up gas is necessary to ensure optimal response from both detectors.

7.2.3 These halogen-specific systems eliminate misidentifications
due to non-organohalides which are coextracted during the purge step. A
Tracor Hall Model 700-A detector was used to gather the single laboratory
accuracy and precision data presented in Table 2. The operating conditions
used to collect these data are:
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Reactor tube: ' Nickel, 1/16 in 0D
Reactor temperature: 810°C

Reactor base temperature: 250°C

Electrolyte: 100% n-Propyl alcohol
Electrolyte flow rate: 0.8 mL/min

Reaction gas: Hydrogen at 40 mL/min
Carrier gas plus make-up gas: Helium at 30 mL/min

7.2.4 A sample chromatogram obtained with this column is presented
in Figure 5. This column was used to develop the method performance
statements in Section 9.0. Estimated retention times and MDLs that can
be achieved under these conditions are given in Tabie 1. Other columns
or element specific detectors may be used if the requirements of Section
8.0 are met.

7.3 Calibration - Refer to Method 8000 for proper calibration techniques.

Use Table 1 and especially Table 2 for guidance on selecting the Jowest point
on the calibration curve.

7.3.1 Calibration must take place using the same sample introduction
method that will be used to analyze actual samples (see Section 7.4.1).

7.3.2 The procedure for internal or external calibration may be
used. Refer to Method 8000 for a description of each of these procedures.

7.4  Gas chromatographic analysis

7.4.1 Introduce volatile compounds into the gas chromatograph using
either Method 5030 (purge-and-trap method) or the direct injection method
(see Section 7.4.1.1). If the interna) standard calibration technique is
used, add 10 gL of internal standard to the sample prior to purging.

7.4.1.1 Direct injection - In very limited applications (e.g.
aqueous process wastes) direct injection of the sample into the GC
system with a 10 uL syringe may be appropriate. The detection limit
is very high (approximately 10,000 rg/L), therefore, it is only
permitted where concentrations in excess of 10,000 ug/L are expected
or for water-soluble compounds that do not purge. The system must
be calibrated by direct injection (bypassing the purge-and-trap
device). '

7.4.2 Follow in Method 8000 for instructions on the analysis
sequence, appropriate dilutions, establishing daily retention time windows,
and identification criteria. Include a mid-concentration standard after
each group of 10 samples in the analysis sequence.

7.4.3 Table ] summarizes the estimated retention times on the two
detectors for a number of organic compounds analyzable using this method.

7.4.4 Record the sample volume purged or injected and the resulting
peak sizes (in area units or peak heights).

7.4.5 Calculation of concentration is covered in Method 8000.

!"n.\
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7.4.6 If analytical interferences are suspected, or for the purpose
of confirmation, analysis using a second GC column is recommended.

7.4.7 If the response for a peak is off-scale, prepare a dilution
of the sample with organic-free reagent water. The dilution must be
performed on a second aliquot of the sample which has been properly sealed
and stored prior to use.

8.0 QUALITY CONTROL

- 8.1 Refer to Chapter One for specific quality control procedures, and
to Method 8000 for gas chromatographic procedures. Quality control to ensure
the proper operation of the purge-and-trap device is covered in Method 5030.

8.2  Mandatory quality control to validate the GC system operation is
found in Method 8000. ]

8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if recovery is within limits (1imits established by performing
QC procedure outlined in Method 8000).

8.3.1 If recovéry is not within Timits, the following are required.

8.3.1.1 Check to be sure that there are no errors in the
calculations, surrogate solutions or internal standards. If errors
are found, recalculate the data accordingly.

8.3.1.2 Check instrument performance. If an instrument
performance problem is identified, correct the problem and re-analyze
the extract. :

8.3.1.3 If no problem is found, re-extract and re-analyze the
sample.

8.3.1.4 If, upon re-analysis, the recovery is again not within
limits, flag the data as "estimated concentration®.
9.0 METHOD PERFORMANCE
9.1 Method detection Timits for these éna]ytes have been calculated
from data collected by spiking organic-free reagent water at 0.1 pg/L. These
data are presented in Table 1.
9.2 This method was tested in a single laboratory using organic-free

reagent water spiked at 10 pg/L. Single laboratory precision and accuracy data
for each detector are presented for the method analytes in Table 2.
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TABLE 1.
CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION LIMITS (MDL) FOR
VOLATILE ORGANIC COMPOUNDS ON PHOTOIONIZATION DETECTION (PID) AND
HALL ELECTROLYTIC CONDUCTIVITY DETECTOR (HECD) DETECTORS
PID HECD PID HECD
Ret. Time* Ret. Time MDL MOL
Analyte minute minute pg/L g/l
Dichlorodifluoromethane -° 8.47 0.05
Chloromethane - 9.47 0.03
Vinyl Chloride 9.88 g.93 0.02 0.04
Bromomethane - 11.95 1.1
Chloroethane - 12.37 0.1
Trichlorofluoromethane - 13.49 - 0.03
1,1-Dichloroethene 16.14 16.18 ND¢ 0.07
Methylene Chloride - 18.39 0.02
trans-1,2-Dichloroethene 19.30 19.33 0.05 0.06
1,1-Dichloroethane - 20.99 0.07
2,2-Dichloropropane - 22.88 0.05
cis-1,2-Dichloroethane 23.11 23.14 0.02 0.01
Chloroform - 23.64 0.02
Bromochloromethane - 24.16 0.01
1,1,1-Trichloroethane - 24.77 0.03
1,1-Dichloropropene 25.21 25.24 0.02 0.02
Carbon Tetrachloride - 25.47 0.01
Benzene 26.10 - 0.008
1,2-Dichloroethane - 26.27 0.03
Trichloroethene 27.99 28.02 0.02 0.01
1,2-Dichloropropane - 28.66 0.00%
Bromodichloromethane - 29.43 0.02
Dibromomethane - 29.59 2.2
Toluene 31.95 - 0.01
1,1,2-Trichloroethane - 33.21 ND
Tetrachloroethene 33.88 33.90 0.05 0.04
1,3-Dichloropropane - 34.00 0.03
Dibromochloromethane - 34.73 - 0.03
1,2-Dibromoethane - '35.34 0.8
Chlorobenzene 36.56 36.59 0.003 0.01
Ethylbenzene 36.72 - 0.005
1,1,1,2-Tetrachloroethane - 36.80 0.005
m-Xylene 36.98 - 0.0l
p-Xylene 36.98 - 0.01
o-Xylene 38.39 - 0.02
Styrene 38.57 - 0.01
Isopropylbenzene 39.58 - 0.05
Bromoform - 39.75 1.6
1,1,2,2-Tetrachloroethane - 40.35 0.01
1,2,3-Trichloropropane - 40.81 0.4
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TABLE 1.

(Continued)
PID HECD PID HECD

Ret. Time* Ret. Time MDL MDL
Analyte minute minute pg/L pg/L
n-Propylbenzene 40.87 - 0.004
Bromobenzene 40.99 41.03 0.006 0.03
1,3,5-Trimethylbenzene 41 .41 - 0.004
2-Chlorotoluene 41.41 41.45 ND 0.01
4-Chlorotoluene 41.60 41.63 0.02 0.01]
tert-Butylbenzene 42.92 - 0.06
1,2,4-Trimethylbenzene 42.71 - 0.05
sec-Butylbenzene 43.31 - 0.02.
p-Isopropyltoluene 43.81° - 0.01
1,3-Dichlorobenzene 44.08 44.11 0.02 0.02
1,4-Dichlorobenzene 44 .43 44 .47 0.007 0.01
n-Butylbenzene 45.20 - 0.02
1,2-Dichlorobenzene 45.71 45.74 0.05 0.02
1,2-Dibromo-3-Chloropropane 48.57 3.0
1,2,4-Trichlorobenzene 51.43 51.46 0.02 0.03
Hexachlorobutadiene 51.92 51.96 0.06 0.02
Naphthalene 52.38 - 0.06
1,2,3-Trichlorobenzene 53.34 53.37 N 0.03
Internal Standards

Fluorobenzene 26.84 -
2-Bromo-1-chloropropane - 33.08

Retention times determined on 60 m x 0.75 mm ID VOCOL capillary column.

Program: Hold at 10°C for 8 minutes, then program at 4°C/min to 180°C, and
hold until all expected compounds have eluted.

© ND = Not determined.

Dash (-) indicates detector dces not respond.
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.TABLE 2.
SINGLE LABORATORY ACCURACY AND PRECISION DATA
FOR VOLATILE ORGANIC COMPOUNDS IN WATER®

Photoionization Hall Electrolytic

Detector Conductivity Detector
Standard Standard
Recovery,* Deviation Recovery,* Deviation
Analyte % of Recovery % of Recovery
Benzene 99 1.2 -° -
Bromobenzene 99 1.7 97 2.7
Bromochloromethane - - , 96 3.0
Bromodichloromethane - - 87 2.9
Bromoform - - 106 5.5
Bromomethane - - 97 = 3.7
n-Butylbenzene 100 = 4.4 - -
sec-Butylbenzene 97 2.6 - -
tert-Butylbenzene 98 2.3 - -
Carbon tetrachloride - - 92 3.3
Chlorobenzene 100 1.0 103 3.7
Chloroethane - - 96 3.8
Chloroform - - 98 2.5
Chloromethane - - 96 8.9
2-Chlorotoluene ND® ND 97 2.6
4-Chlorotoluene 101 1.0 97 3.1
1,2-Dibromo-3-chloropropane .- - 86 9.9
Dibromochloromethane - - 102 3.3
1,2-Dibromoethane - - 97 2.7
Dibromomethane - - 109 7.4
1,2-Dichlorobenzene 102 2.1 : 100 1.5
1,3-Dichlorobenzene 104 1.7 106 4.3
1,4-Dichlorobenzene 103 2.2 98 2.3
Dichlorodifluoromethane - - 89 5.9
1,1-Dichloroethane . - - - 100 5.7
1,2-Dichloroethane - - : 100 3.8
1,1-Dichloroethene 100 ' 2.4 103 2.9
cis-1,2 Dichloroethene ND ~ ND 105 3.5
trans-1,2-Dichloroethene 93 3.7 99 3.7
1,2-Dichloropropane - - 103 3.8
1,3-Dichloropropane - - 100 3.4
2,2-Dichloropropane - - 105 3.6
1,1-Dichloropropene 103 3.6 103 3.4
Ethylbenzene 101 1.4 - -
Hexachlorobutadiene 99 9.5 98 8.3
Isopropylbenzene 98 0.9 - -
p-Isopropyltoluene 98 2.4 - -
. 8021 - 13 Revision 0
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TABLE 2.

(Continued)
]
Photoionization Hall Electrolytic
Detector Conductivity Detector
Standard Standard
Recovery,* Deviation Recovery,* Deviation

Analyte % of Recovery % of Recovery
Methylene chloride - - 97 2.8
Naphthalene 102 6.3 - -
n-Propylbenzene 103 2.0 - -
Styrene 104 1.4 - -
1,1,1,2-Tetrachloroethane - - 99 2.3
1,1,2,2-Tetrachloroethane - - 99 6.8
Tetrachloroethene 101 1.8 97 2.4
Toluene 99 0.8 - -
1,2,3-Trichlorobenzene 106 1.9 98 3.1
1,2,4-Trichlorobenzene 104 2.2 102 2.1
1,1,1-Trichloroethane - - 104 3.4
1,1,2-Trichloroethane - - 109 6.2
Trichloroethene 100 0.78 96 3.5
Trichlorofluoromethane - - 96 3.4
1,2,3-Trichloropropane - - 99 2.3
1,2,4-Trimethylbenzene 99 1.2 - -
1,3,5-Trimethylbenzene 101 1.4 - -
Vinyl chloride 109 5.4 95 5.6
o-Xylene 99 0.8 -
m-Xylene 100 1.4 - -
p-Xylene 99 0.9 - -

* Recoveries and standard deviations were determined from seven samples and spiked at
10 pg/L of each analyte. Recoveries were determined by internal standard method. Internal

standards were: F]uorobenzeﬁe for PID, 2-Bromo-1-chloropropane for HECD.

Detector does not respond.
~° ND = Not determined.

° This method was tested
reference 8).

in a single laboratory using water spiked at 10 pg/L (see

8021 - 14 -5 Revision 0
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ABLE 3.

T
DETERMINATION OF ESTIMATED-QUANTITATION LIMITS (EQL)

FOR VARIOUS MATRICES®

Matrix Factor®
Ground water 10
Low-concentration soil 10
Water miscible liquid waste 500
High-concentration soil and sludge 1250
Non-water miscible waste 1250

Sample EQLs are highly matrix dependent.
are provided for guidance and may not al

-The EQLs listed herein
ways be achievable.

® EQL = [Method detection limit (Table 1)] X [Factor (Table 2)].
For non-aqueous samples, the factor is on a wet-weight basis.
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FIGURE 1.
PURGING DEVICE
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FIGURE 2.
TRAP PACKINGS AND CONSTRUCTION TO INCLUDE DESORB CAPABILITY
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FIGURE 3.
PURGE-AND-TRAP SYSTEM - PURGE MODE

FIGURE 4.
SCHEMATIC OF PURGE-AND-TRAP DEVICE - DESORB MODE
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FIGURE 5.

GAS CHROMATOGRAM OF VOLATILE ORGANICS
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METHOD 8021

VOLATILE ORGANIC COMPOUNDS IN WATER BY PURGE AND TRAP CAPILLARY

COLUMN GAS CHROMATOGRAPHY WITH PHOTOIONIZATION AND ELECTROLYT]C
CONDUCTIVITY DETECTORS IN SERIES

‘ Start ’

J

7.2 Set
chromategraphie
conditions.

r_‘ calcuiations

1.4.5 Refer
Le Methed
8000 feor

7.3 Refar to
Metlhod 8000
{oz
calibration
techniquaes.

7.4.1 Introduce
sample inte CC
using direct
injectien er
purge-and-irap.

72.4.4 Record
sample velume
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7.4.6 Are
analytical
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7 4.7 Is peak.
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8021 - 19

77

Reanalyze
sample uing
second CC
celuan.

Dilute and
teanalyze’
second

aliquet of
sampla.

Revision 0
November 1990




METHOD 5021

VOLATILE ORGANIC COMPOUNDS IN SOILS AND OTHER SOLID MATRICES
USING EQUILIBRIUM HEADSPACE ANALYSIS -

E-78




-7 METHOD 5021 .
- YOLATILE ORGANIC COMPOUNDS IN SOILS AND OTHER SOLID MATRICES .
' USING EQUILIBRTUM HEADSPACE ANALYSIS L

1,0 SCOPE AND APPLICATION

s 1l Method 5021 is 3 general purpose method for the preparation of
vqlatile organic compounds (VOCs) in saoils/sediments and salid wastes for
determination by gas Chromatography (GC) or gas chromatography/mass spectrometry
.. (GC/MS), The method js applicable to a wide range of arganic compounds that have
¢ sufficiently high volatility to be effectively removed from sojil samples usipg
=¥5an equilibrium headspace procedure. The following compounds have been determined

. . 7;.{, . Sew o "-,-..‘

"‘gﬂ$§9i]; using Method 5021:

~ Compound CAS No.* - [ 7 2

Benzene 71-43-2 o
8romochlaromethane 74-97-5 TIF.C
Bromodichloromethane 75-27-4
Bromoform , 75-25-2
Bromomethane 74-83-9
Carbon tetrachlaride 56-23-5 -
Chlorobenzene . L 108-90-7 =~
Chloroethane o 75-00-3 = _ .
Chlaoroform _ . 67-66-3 .-
Chloromethane S . 74-87-3
Dibromochloromethane ~ "~ 124-48-1 7=
1,Z-Dibromo-3-chloropropane 96-12-8 =~ © L

| 1,2-Dibromoethane o 106-93-4 - T

| Dibromomethane ' 74-95-3 -

1 1,2-Dichlorobenzene 95-50-1

| 1,3-Dichlorobenzene C 541-73-1

1 1,4-0ichlorobenzene : 106-46-7

| Dichlorodiflucromethane 75-71-8
1,1-Dichlarocethane ce 75-34-3
1,2-Dichlorgcethane ‘ ' 107-06-2

- 1,1-Dichloroethene 75-35-4
‘ trans-1,2-Dichloroethene 156-60-5

1,2-Dichloropropane 78-87-%

Methylene chlaoride 75-09-2 -

Naphthalene 91-20-3 " e

Lo Styrene 100-42-5 R
L ' 1,1,1,2-Tetrachlorcethane . 630-20-6 v “
i - 1,1,2,2-Tetrachloroethane 79-34-5

5021 - 1 Revisign:0
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Ethylbenzene 100-41-4
Hexachlorobutadiene 87-68-3



Compound

Tetrach1oroethene

Toluene

1.2,4-Trichlorobenzene 1

1,1.1-Trich1oroethane 71-55-6

1.1,2-Tr1chloroethane 79-00-5
_ Trichloroethene 79-01-6
'; Trich1orof1uoromethane 75-69-4
- 1,2.3—Tr1ch1oropropane 96-18-4

Vinyl chloride 75-01-4

o-Xylene 95-47-6

m-Xylene 108-38-3

p-Xylene 106-42-3

Gasoline Range petroleum Hydrocarbons

+ Chemical Abstract services Registry Number. -

el

1.2 Method detection limits (MDL),
matrix, and instrument dependent and vary from approximately 0.

The applicable concentration
g/kg to 200 pg/kg.

. 4ill not be detected when present at low concentrations, but they ¢

’Qith.acceptab1e accurac

£ 1.3 The £011owing compounds may also be inalyzed by

this B

Compound Name EE - CAS Ndf
_ Bromobenzene 108-86-1
n-Butylbenzene 104-51-8
sec-Butylbenzene 135-98-8
tert-Butylbenzene 98-06-6
2-Chlorotoluene 95-49-8
4-Chlorotoluene ~ _ 106-43-4
cis-l,Z-Dichloroethene 156-59-4 ~
1,3-Dich1oropropane ' 142-28-
2,2-01ch10ropropane -590-20-
563-58-

,1,1-D1ch1oropropene

SO Isopropylibenzene 98-82-8

S 4-1sopropyltoluene 99-87-6
n-Propylbenzene : 103-65
1,2,3-Tr1chlorobenzene g7-61
1,2,4-Tr1methy1benzene .95-63

LT 1,3,5-Tr1methy1benzene-

using Method azso{*AFé‘taﬁbaﬁad,w-”
1 to 3.4 pg/kd..
range of this method is Apprqximate1y,10fori 0.

an_be medsured .
y and precision when present in sufficient teggéﬂtratjdné‘”
_ Fictent OO s

roce

<3

20
from the 8811

BN e

dure o Y

+ Chemical Abstract gervices Registry Number,xi;
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.. .. 1.4 Alternatively, the method may be utilized as an automated sample
" introduction device as a means for screening samples for valatile organics, A
" .suggested configuration is to interface it to Method 8021 but use very minimal
<" calibration and quality control, i.e., a reagent blank and a single calibration
-.-.-standard, to obtain semiquantitative data.

ke 1.5 Method 5021 may be applicable to other compounds that have sufficient
#yqlatility to be remayed from the soil matrix using the conditions described in
this method, [t may also be applicable to both listed and non-listed target
'analytes in other matrices. . :

o ;fi};i}ﬁ This methoad is restricted to use by, or under the supefQision-of,
RN Y analysts experienced in volatile organic analysis in general and specifically the
- .. -, Use of equilibrium headspace devices interfaced to the determinative method

.. " selected by the analyst.

2.0 SUMMARY OF METHOD

..~ 2.1 VYolatile organic compounds (YOCs) are determined from at least a2 ¢
i '§qi1 sample by placing the sample into a crimp-seal or screw top glass headspace
= 7”-yi3l at time of sampling. Each soil sample is fortified with a matrix medifying
¥“<oluytion and internal standards and surrogate compounds. This may be done either
“in the field or in the laboratory upon receipt of samples. Additional sample is
“collected in a VOA vial for dry weight determination and for high concentration
determination if the sample concentration requires it. In the labaratory, the
“::vials are rotated to allow for diffusion of the internal standards and surrogates
““throughout the matrix. The vials are placed in the autosampler carousel and
maintained at room temperature. Approximately 1 hour prior ta analysis, the
jndividual vials are moved to a heated zone and allowed ta equilibrate, . The
: 'sample is then mixed by mechanical vibration while the elevated temperature is
. “maintained. The autosampler then pressurizes the vial with helium, allows a
" portion to enter a sample loop which is then swept through a heated transfer line
onta the GC column. Determinative analysis is performed using the appropriate

. GC or GC/MS method.

3.0 INTERFERENCES

" 3.1 Volatile organic analyses are subject to major interference problems
because of the prevalence of volatile organics in a laboratory. See Method 5000,
~ Sec. 3.0 for common problems and precautions to be followed.

3.2 The sample matrix itself can cause severe interferences by one of

- several processes or a combination of these processes. These include, but are

. not necessarily limited to, the absorption potential of the soil, the biological
7. ~-Tactivity of the soil, and the actual composition of the soil. Sails high in oily
74 . material and-organic sludge wastes inhibit the partitioning of the volatile
=~ ,. target analytes into the headspace, therefore, recoveries will be low. This so-
- “called "matrix effect™ can be difficult, if not impossible, to overcome. It is
" recommended that surrogates or additional deuterated compounds (for GC/MS
methods) be added to a matrix and analyzed to determine the percent recovery of
these compounds. The calculated percent recovery can give some indication of the
degree of the matrix effect, but not necessarily correct for it. Alternatively,

5021 - 3 Revision @ -
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T ‘e .

the use of the high concentration procedure in this method ‘should ninin{2e the®
problem with oily waste and other organic sludge wastes. B N s L D
'© 4.0 EQUIPMENT AND SUPPLIES T

57z 4,1 Sample Containers - Clear glass, 22 mL soil vials, compatible with the™’ -
.~ analytical system. The vial must be capable of being hermetically sealed 1A the
*field (either crimp cap or screw cap) and be equipped with a Teflon®-11fed $éptum =
~ which demonstrates minimum bleed at elevated temperatures while maintaining the
“" saal. " ldeally, the vials and septa should have a uniform tare weight. Prior to . -
use, wash the vials and septa with detergent solution, then rinse with tdp -
. followed by distilled water. Place vials and septa in an oven at 105°C for 1
hour, then remove and allow to cooi. Store in an area free of organic solvents.

4.2 Headspace System - The system described in this method utilizes .4
totally automated equilibrium headspace analyzer. Such systems are avdilable -
from several commercial sources. The system used must meet thé fq11owiqg .

.. specifications.

A

4.2.1 1t must be capable of establishing a-reproducible edu11ibe{um e
" at elevated temperatures between a wide variety of sample -types dnd .the '~ .
" headspace. Once this is done, the system must be capab1e,of,3cchrata1y”gg-,
~ injecting a representative portion of the headspaca ".inte ~d 7848 -
" chromatograph fitted with a capillary column. This must beé dccomplished
without adversely affecting the chromatography or the ,,‘def'eétor‘;{f-’i‘%fl'hez
conditions selected for the equipment used in developing.thisiméthGJQAﬁQ“
listed in Sec. 7.0. Other equipment and conditions may be used "if :the
analyst generates and records accuracy, precision, and MDL data that. are -
comparable to the data in Sec. 9.0 of Method 8260. The equipment usad-ta .=
develop this method and generate the accuracy and precision data 1isted in "
Method 8260 was a Tekmar Model 7000 Equilibrium Headspace Autosamples Afd =
25£§k?ar 7050 Carousel (Tekmar Co., 7143 East Kemper Road, Cincinndt{ZOH
9). ) R . .

-

4.3 Field Sampling Equipment B
4.3.1 A soil sampler which delivers at least 2 .g:'oF jg&jﬁ;q g
necessary, e.g., Purge-and-Trap Soil Sampier Model ~3780PT - (Ass6E1dtad %

. . Design and Manufacturing Company, 814 North Henry Street, Alexdndfids;!

. 22314), or equivalent. FT T A s 14y
% 4.3.2 An automatic syringe or bottle-top dispeniser, calibrated td
“deliver 10.0 mL of matrix modifier solution, e.g.,zAutomaiiCjVattiﬂgfaf
Mode] C1377SN (NASCO, 901 Jamesville Ave., P.0. Box 901, Fort Atkinsafy W

53538), or equivalent. O T

4.3.3 An automatic syringe calibrated to deliver 1nterﬁaf staﬁ&ardE
and surrogate analytes. L w0

' e
4.3.4 Crimping tool for sample vials. If using screw top ‘vials,
this is not needed. BTN ot

FRevision 0
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‘f‘4f4' Miscellaneous Equiﬁme”‘

X 4.4.1 VOA yials - 40 or 60 mL VOA vials with Teflon®-faced septa

"so- .and crimp seal caps or screw top Caps. These vials will be used for
“'sample screening, high concentration analysis (if needed) and dry weight
~determination. '

v
Yo~ s

ont

g

" =5.0 REAGENTS

' 5.1 Organic-Free Reagent Water. Al] references to water 1h this methad
-refer to‘organic-free reagent water, as defined in Chapter One.

.. 5.2 Methanal, CH,OH - Pesticide quality or equivalent. Store away from
. qther solvents. Purchase in small quantities (} Liter or 1 Liter size) to
-minimize contamination.

Lot o

*.'"53 'see the determinative method and Method 5000 for guidance on the

“preparation of stock standards and a secondary standard for internal standards,
c3libration standards, and surrogates.

5.3.1 Calibration spiking solutions - Prepare .five spiking
solutions in methanol that contain all the target analytes and the
. surrogate standards. The concentrations of the calibration sqlutions
. -should be such that the addition of 1.0 ul of each to the 22 mL vials will
" bracket the analytical range of the detector, e.g., for Method 8260 the
" -suggested concentration range for target analytes and surrogates is 5, 10,

20, 40 and 50 mg/L. The suggested concentration of internal standards is
.20 mg/L (internal standards may be omitted for the GC methods if desired).
" The internal standard may be added separately using 1.0 ul or premixed
" 'with the calibration standards maintaining a 20 mg/L concentration in each
calibration standard. These concentrations may vary depending on the
" relative sensitivity of the GC/MS system or any other determinative method
.. that is utilized. e -

_ §.3.2 Internal and surrogate standards - Follow the recommendations
of the determinative methods for the selection of internal and surrogate
standards. A concentration of 20 mg/L in methanol for baoth internal and
. surrogate standards will be needed for spiking each sample, .-If .
‘determination is by GC, external standard calibration may be preferred and
the internal standard is omitted. The concentration may vary depending on
‘the relative sensitivity of the GC/MS system or any other determinative
method that is utilized.

‘ 5.4 Blank Preparation - Transfer 10.0 mL (Sec. 5.6) of matrix modifying
solution to a sample vial. Add the prescribed amounts of the internal standards
and surrogate compounds, and seal the vial. Place it in the autaosampler and

~analyze in the same manner as an unknown sample. Analyzing the blank in this way

‘gi]] indicate possible problems with the autosampler as well as the headspace

_device. .

TS
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. 5.5 Preparation of Calibration Standards - Prepare calibration
in the same manner as the blanks (Sec. 5.4) using the standards prepared .if Sec.
5.3.1. e e D
. PP ﬂ? T .

5.6 Matrix Modifying Solution - Using a pH meter, add-concentrated-
phosphoric acid (H,P0,) dropwise to 500 mL of organic-free reagént. watet until
the pH is 2. Add 180 g of NaCl. Mix well until all components are dissslivad.’
Analyze a 10.0 mL portion from each batch per Séc. 5.4 td vérify that "the
solution is free of contaminants. Store in a sealed bottle in ad area freéd of .
organic chemicals at 4°C. o - e

NARNING: The matrix modifying solution may not be éppropriate For'i§611_5
samples having organic carbon content. Seé Sec. 6.1.2. S,

P

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING o

6.1 Two alternative procedures are presented for low concentration sample
collection in special headspace sampie vials. In either case, collect 3 or 4
- vials of sample from each sampiing point to allow sample reanalysis if necessary. .
In addition, a separate portion of sample is taken for dry weight detsrmination ~
.. and high concentration analysis (1f necessary). Prepare a trip’ blank in"the -
" laboratory prior to shipping the sample vials to the field.-“Add *10.0 mL™aef .

J‘Q'-; ‘matrix modifying solution to a clean 22 mL sample vial ({Sec. .4.1).- The internal >

*;3i:5"ﬂand surrogate standards are added just prior to analysis. 7 .

6.1.1 Without matrix modifying solution and standards = Stdndar A

mL crimp cap or screw top glass headspace vials (Sec. -4.1)-With ..
... . . Teflon®-faced septa are used. Add 2-3 cm (approximately 2.g) of the 3di1 .
7« - sample (using the purge-and-trap soil sampier, Sec. 4:3.1) to a-taréd 22:;
L mL headspace vial and seal immediately with the Teflon® 34 e'of,thé‘!ép{ﬁd;‘?

. facing toward the sample. The samples should be {ntroduced into thavigls: "

gently to reduce agitation which might drive off*vo1aﬁjig;é§@ﬁou@§§

- X el 2

> JalNaH

If high concentrations of volatile organics are expected (greater thar 200
ug/ka), collection of the sample in the 22 mL vial without the addition -
of matrix modifying solution allows direct addition of methandl as per the

high concentration method in Sec. 7.5. R o T

x4 <
-

e T 6.1.2 With matrix modifying solution and standards.s Add 2-3 e -
¢ty s’ (approximately 2 g) of soil sample to a tared 22 mL-§oi1 vial-using 4%
© o purge-and-trap soil sampler (Sec. 4.3.1). Add 10.0 mL of siatrix modifyifig -

- . % . solution and the appropriate amount of interndl ind surrogate ‘standards-
oo %o called for in the determinative method. Seal the vidl immediataly with -
.+ the Teflon® side of the septum facing toward the sample. - The samplefust

L rem?in hermetically sealed until the septum is punctured by the headspacé
s analyzer, , L e S e

SRe

v.v: WARNING:  Preliminary indications are that soi1fsamﬁ1é§ihi;fhd,urgaﬂd oft I
I  content may yield low recoveries when the matrix mod{ fying ¥a1ution < -

(Sec. 5.6) is used. The matrix modifying}éqjutiﬁhiﬁafﬁﬁQY
appropriate for these samples. D

5021 - 6




6.1.3 Prepare a f1e1d blank by adding 10.0 mL of matrix modifying
solution plus internal and surrogate standards to a clean 22 mbL vial.

: The addition of the matrix modifying solution and the internal and
surrogate standards at the time of sampling (Sec. 6.1.2) {s the preferred
“-7  option unless high concentrations of volatile organics are expected. The
"™ .. matrix modifying solution minimizes dehydrohalogenation reactions through
pH adjustment, eliminates biodegradation of the ana]ytes and minimizes
losses of analytes by volatility since the vial is not opened in the
Jaborataory. The downside is increased opportunity for contamination of
the matrix modifier and standards in a field sampliing situation. Also,
- -skilled personne] are required to precisely and accurately add the matrix
~: “modifying solution, and especially the internal and surrogate standards.
.~ These problems are minimized when added in the laboratory (Sec. 6.1.1),
“.. " however, there is tha likelihood of significant losses of volatile
- analytes when the vial is reopened in the laborataory.

3

T -6.1.4 Fi1) a 40 or 60 mL VOA vial from each sampling point to use
~-: for dry weight determination, sample screening and for high concentration

analysis (if necessary). Sample screening is optional since there is no
- =* danger of contaminating the headspace device because of carryover from a
- . high concentration sample.

e i 6.2 Sample Storage

- .. 6.2.1 Store samples at 4°C until analysis. The samp]e stofage area
must be free of organic solvent vapors. ,

e 6.2.2 A1l samples should be analyzed within 14 days of co]1ection.,
Samp]es not analyzed within this period must be noted and data are
'aconsidered minimum values.

. o} PROCEDURE

- T, 1 Samp]e screening - This method (using-the low concentration appraach),
. EUsed in conjunction with either Methods 8015 (GC/FID) or 8021 (GC/PID/ELCD), may -
~".be.used as a sample screening method prior to any of the sample introduction -
=GC/MS configurations ta assist the analyst in determining the approximate
~concentration of volatile organics present in a sample. This is especially
““critical prior to the use of volatile organic analysis by purge-and-trap to
prevent the contamination of the system by high concentration samples. It can
- also be helpful prior to the use of this headspace method, to determine whether
27777 to proceed with the low concentration method or the high concentration method.
- .~ "High concentrations of volatiles will not contaminate the headspace device.
However, it may create contamination problems in the GC or GC/MS system.
Whenever this method is utilized for sample screening, very minimal calibration
and QC are suggested. In most cases, a reagent blank and a single point
calibration are sufficient.

7.2 Determination of sample % dry weight - In certain cases, sample

" results are desired based on dry-weight basis. When such data are desired, a

partion of sample for this determination should be weighed out from the 40 or 60
mL VOA vial (Sec. 6.1.3).
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©If GC/MS analysis is preferred for BTEX in gasoline, follow Method 8260,
" 24 Low concentration method for soil/sediment and Edffa'ﬁégtétﬁﬁéﬁis

e

WARNING: The drying oven should be contained in a hodd or véhiéafr

Significant laboratory contamination may ‘result from a hedvily 5

contaminated hazardous waste sample. S et

7.2.1 Immediately after weighing the sample for extraction, weigh
5-10 g of the sample into a tared crucible. DOetermine the % dry weight of
the sample by drying overnight at 105°C. Allow to cool in a desiccator
before weighing. Calculate the % dry weight as follows: ’ :

% dry weight = g of dry sample x 100
g of sample ~ S

7.3 The Low Concentration Method utilizing an equilibrium headébééé,

technique is found in Sec. 7.4 and sample preparation for the High Concentrdtion
Method is found in Sec. 7.5. The high concentration method -is recommendéd fof
samples that obviously contain oily material or organic sludge wasta (seé Sec.-
3.3). See Method 5000, Sec. 7.0 for guidance on the selection of a GC or GC/MS
determinative method. For the analysis of gasoline, use Method 8021 with GC/PID
for BTEX in series with Method 8015 with the GC/FID detector for hydrocdibons.

fe.

<

PR
£

to the equilibrium headspace method. (Approximate concentration range of 0.5 to °

200 pg/kg - the concentration range is dependent upon the determinatjvé.métﬁéd
and the sensitivity of each analyte.) ST s ST

7.4.1 Calibration: Prior to using this introduction_techn{ﬁﬁe*?ér e

any GC or GC/MS method, the system must be calibrated.: ~Gendfal’

...~ . calibration procedures are discussed in Method 8000, - while Zthe -

* determinative methods and Method 5000 provide specific ‘informatidnon

" calibration and preparation of standards.. Normally,* external .3tanddrd -

a problem, based on historical data, internal standard ¢alibration=is. .
acceptable. The GC/MS methods normally utilize internal  stindard
calibration. The GC/MS methods require instrument tuning priof_ to
proceeding with calibration. N et

R TRo

Py

7 4.1.1 Initial calibration: Prepare five 22 mL vidlE)"

0..
2

as

G
Gk

calibration is preferred for the GC methods _becdusa = of ~possible
interference probiems with internal standards.--IfxinterférenCQS‘aré}notf

P

-

described, in Sec. 5.5, and a reagent blank (Sec:‘5;4);ianduproceed e
according to Sec. 7.4.2 and the determinative method selected.”:The

mixing step is eliminated since no soil i present in the vial. ...~

7.4.1.2 Calibration verification: Prepare a single 22 mlL
vial as described in Sec. 5.5 by spiking with the midconcentration
calibration standard. Proceed according to Sec. 7.4.2.4 (bedinning
bytglgcing the vial into the autosampler) and the determinative
method. JE g

e

LN

T RE

7.4.2 Headspace operating conditions - The éond{tioﬁs'dQSEf ed |
throughout Sec. 7.4 were experimentally optimized usingd the -eduipmeiit
described in Sec. 4.2.1. 1f other systems are utilized, it i§ recomnéfidéd -

~i....,  that the manufacturer’s conditions be followed. However, the ¢riteria.for
7 . this configuration in Method 8260 must be met or excéeded /7%

ibed




:;“7:5 High concentration method

7.4.2.1 This method is designed for a 2 g sample size. The
sample is prepared in the field by adding 2 g of the soil sample to
the 22 mL crimp-seal or screw top glass headspace vial as described
in Sec. 6.1. ' S

7.4.2.2 Prior to analysis, weigh the sealed vial and its
contents to 0.01 g. If the matrix modifying solution was added at .
the time of sampling (Sec. 6.1.2), the tare weight includes the 10
mL of matrix modifying solution.

7.4.2°3 If the matrix modifying solution was not added at the
. time of sampiing (Sec. 6.1.1), unseal the vial, rapidly add 10.0 mL
of matrix modifying solution and ! ulL of the 20 mg/L internal (if
necessary) and surrogate standards (individually or as a mixture).
Immediately reseal the vial.

'2 Only open and prepare one vial at a time to minimize loss of valatile
" "aorganics. . ‘

L 7.4.2.4 Mix the samples (on a rotator or shaker) for at least
5. 2 min. Place the vials in the autosampler carrousel at room
*= temperature. The individual vials are moved to a heating zone, and
allowed to equilibrate for 50 min at 85°C. Each sample is then
mixed by mechanical vibration for 10 min at a mix power of 7.67
Watts while maintaining the temperature at 85°'C. The vial is
- allowed to pressure equilibrate for § sec. The autosampler then
~ raises the vial causing a stationary needle to puncturs the septum,
and pressurize the vial with helium at 10 psi, - ,

_ 7.4.2.5 The pressurized headspace is then vented through a1l
‘mL sample lgop to the atmosphere for 15 sec. “The sample --is =
" equilibrated within the loop for S sec. Finally the carrier gas, at -
a flow rate of 1.0 mi/min, backflushes the sample loop sweeping. the
sample through the heated transfer line onta the GC column.

7.4.2.6 Proceed with the analysis as per the determinative
method of choice.

L
4

7.5.1 If the sample wasvcol1ected by Sec. 6.1.1 with no matrix

~ modifying solution added at time of sampling, add 10.0 mL of methanol to
- the high level soil sample within the tared 22 mL vial. (Weigh the sample

to the nearest 0.01 g prior to the addition of methanol.)

' 7.5.2 Otherwise, transfer approximately 2 g of sample from the 40
or 60 mL VOA vial into a tared 22 mL sample vial (Sec. 5.1). Add 10.0 mL
of methanal. .

7.5.3 Mix by shaking for 10 min at room temperature. DOecant 2 mbL
of the methanol to a screw top vial with Teflon® faced septa and seal.
Withdraw 10 ul, or appropriate volume of extract from Table 2, and inject

into a 22 mL vial containing 10.0 mL of matrix modifying solution and

internal standards (if required) and surrogates. Analyze by the headspace

5021 - 9 Revision 0
January 1995




v,;;hjﬁméthod analytes in two soil matrices: sand and a surface garden soil.-Thése data .-
o are found in tables in Method 8260. - R RS

"~ the following operations whenever new staff are trained or $ignificant ‘Ehangesd vy
" in {nstrumentation are made. See Sec. 8.0 of Methods 5000
'-Qijqrmation on how to accomplish this demonstration. g

;N;%hod 5000 and Method 8000 for procedures to follow to demonstrata _
.. continuing performance on each set of samples to bé analyied. - Thi3 1Ac1udes the o
method blank, either a matrix spike/matrix spike duplicate of i mitFix spiké ddd ="

9.0 METHOD PERFORMANCE

10.0 REFERENCES SR AR

procedure by placing the vial.into the autosampler and brocéedihg*ﬁifﬁj KA
Sec. 7.4.2.4. _ el

8.0 QUALITY CONTROL ,,ﬁiw; ;
8.1 Refer to Chapter One for specific quality control procedurés and
Method 5000 for sample preparation QC procedures. ‘ o

8.2 Before processing any samples, the analyst should demonstrata through
the analysis of an organic-free reagent water method blank that all glassware and
reagents are interference free. Each time a set of samples fis extracted, or
there is a change in reagents, a method biank should be processed as a safequard -
against chronic laboratory contamination. The blank samples should be carried
through all stages of the sampile preparation and measurement. : e e

8.3 Initial Demonstration of Proficiency - Each ~laboratory  must
demonstrate initial proficiency with each sample preparation and detarminative
method combination it utilizes, by generating data of acceptablé accuracy and -
precision for target analytes in a clean matrix. The laboratory must d1so repeéat -

dnd 8000 foP

Z §ed Sae. 8.0 1
acedptable

-

T :.-8.4 ~Sample Quality Control for Prepératidn and Aha1ysf§

duplicate sample analysis, a laboratory control sample (LCS) and the addition of .-
surrogates to each sample and QC sampie. ' T e A1 o

8.5 [t is recomended that the laboratory adopt additional  quality .

__assurance practices for use with this method. The specific¢ practices that aré -
““most productive depend upon the needs of the laboratory and the nature df the -
-~ ¢amples. Whenever possible, the laboratory should analyze standard
materials and participate in relevant performance evaluation studies

éférancd ;-

-

9.1 Single laboratory accuracy. and precision data were obtained for the

1. Flores, P., Bellar, T., "Determination of Volatile Organic Compoufid$ 1d .
Soils using Equilibrium Headspace Analysis and Capillary Column ~ Gas
Chromatography/Mass Spectrometry®, U.S. Environmental Protection Agercy, .
Office of Research and Development, Environmental - Monitoring :Systems

Laboratory, Cincinnati, OH, December, 1992. A
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| TABLE 1 R
DETERMINATIVE METHODS INTERFACED TO METHOD 5021 -

Method Method Name

Number

8015 Nonhalogenated Velatile Organics Using GC/FID N :

8021 Halogenated and Aromatic Volatiles Uy GC with Detectors 1n
Series: Capillary Column

8260 Volatile Organics by GC/MS: Capillary Co]umn - B

TABLE 2
QUANTITY OF METHANOL EXTRACT REQUIRED FOR ANALYSIS QF
HIGH-CONCENTRATION SOILS/SEDIMENTS .

Approximate Volume of .
Concentration Range Methanol Extract® . -

L 500-10,000 ug/kg
e L 1,000-20,000 ug/kg -
T 5,000-100,000 ug/kg

: = RN 25,000-500,000 ug/kg

4 The volume of methanol added to 5 mL of watér beiﬁ@ ﬁﬂ?g
kept constant. Therefore; add to the 5 mL syrifgé wh:tévéFYV81umééa,
of methanol is necessary to ma1ntain a volume of 100 uL added tg the -
- syringe. :

analysis.

5021 - 12 S "ff~w“*Revisuon 0 7
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APPENDIX F

METHOD DETECTION LIMIT STUDY




METHOD PERFORMANCE
Method Detection Limits (MDL)

EPA Method 8021 specifies method performance criteria assuming a photo-ionization
detector (PID) and a Hall electrolytic conductivity detector (HECD) are used in series. Since we
are using different detectors (e.g., flame ionization detector (FID) and an electronic capture
detector (ECD)) in parallel as a modification of Method 8021 it was necessary to conduct an
instrument specific method detection limit (MDL) study.

The MDL study was conducted in ARA/New England’s Environmental Laboratory. The
instrument configuration consisted of Tekmar 7000 Static Headspace sampler connected directly
via a heated transfer line to the split/splitless capillary inj ection port of an Hewlett-Packard 5890
series II gas chromatograph equipped with electronic pressure control (EPC). The injection port

was run in splitless mode to optimize the detection of trace analytes.

During method development the system was first optimized for the detection of the target
analytes. Once a suitable method was finalized, the retention time windows for the individual
target compounds were determined. This task involved analyzing three samples of each analyte
over a period spanning at least 72-hours. The mean and standard deviation (o) of the retention
times for each target analyte was calculated from the three runs. The retention time window was

then set equal to plus or minus 3c. These results are shown below in Table F-1.

The instrument was then calibrated using a five-point calibration over the range of zero
to 100-ppb (parts per billion). The concentrations selected for the calibration curve included 5,
10, 20, 50 and 100-ppb. Acceptance criteria for instrument response linearity is based upon the
correlation coefficient (r) of the best fit line for the calibration data points. If ris greater than or
equal to 0.995 the calibration was considered valid. The calibration curves for each of the target
analytes are included in Appendix F. All of the calibration curves met the acceptance criteria

stated above.

Following the instrument calibration a series of seven samples, each at a concentration of

1-ppb for each of the target analytes, were analyzed. The mean concentration and standard

F-2




deviation for each analyte was determined and is tabulated in Table F-3, at the end of this
appendix. The method detection limit (MDL) is defined as the minimum concentration of a
substance that can be measured and reported with 99% confidence that the value is above zero.
Assuming a Gausian distribution and multiplying the standard deviation () by the t-Statistic for
six degrees of freedom (n-1) at 99% confidence the MDL was determined. These limits are

shown below in Table F-1.

This method was tested for accuracy and precision in ARA’s laboratory using ofganic
free reagent water spiked at 10pg/L of each target analyte. Accuracy is represented by average
percent recovery of seven samples which is calculated as the average measured concentration
divided by the actual concentration. Precision is represented as the standard deviation of the
seven samples. Laboratory precision and accuracy data for each detector are presented below in

Table F-2.

Table F-1. Chromatographic Retention Times and Method Detection Limits (MDL) for
Volatile Organic Compounds on Flame Ionization Detector (FID) and
Electronic Capture Detector (ECD) Detectors.

FID ECD FID ECD

Ret. Time Ret. Time MDL MDL

Analyte (min) (min) ug/L ug/L
1, 1-Dichloroethane - 2.33 - 0.25
trans 1, 2-Dichloroethene - 1.97 - 0.16
cis 1, 2-Dichloroethene 2.91 2.93 1.05 - 0.24
Trichloroethene 5.28 5.30 1.35 0.24
1,4-Dichlorobenzene 13.17 13.19 0.83 0.18

Benzene 4.01 - 0.67 -

Toluene 7.63 - 0.30 -

o-Xylene 10.75 - 0.24 -

Vinyl chloride 0.85 - 1.84 -




Table F-2.Single Laboratory Accuracy and Precision Data For Volatile Organic
Compounds In Water.

FID ECD

Recovery Standard Recovery Standard
Analyte (%) Deviation (%) Deviation
1, 1-Dichloroethane - - 94% 4.63
trans 1, 2-Dichloroethene - - 99% 6.30
cis 1, 2-Dichloroethene 80% 7.61 93% 4.84
Trichioroethene 85% 6.84 - 92% 5.19
1,4-Dichlorobenzene 88% 5.11 108% 5.40
Benzene 81% 4.38 - -
Toluene 85% 4.56 - -
o-Xylene 87% 3.80 - -
Vinyl chloride 48% 4.67 - -

Estimated Quantitation Limits (EQL)

EPA Method 8021 states that the estimated quantitation limit (EQL), which is the
minimum concentration that can be reported with reasonable accuracy, is determined as the MDL
for each analyte times a response factor. The response factor (which is dependent on the sample
matrix) for groundwater and this method is 10. These EQLs are reported in Table 3 in the

Experimental Design section.

F-4




Table F-3. Method Detection Limits (MDL) Worksheet

Analyte Concentrations by FID in ppb

Standard Concentration: 1 ppb

Sample ID | Vinyl Chloride | trans 1,2-DCE 1,1-DCA | cis 1,2-DCE | Benzene TCE Toluene | o-Xylene | 1,4-DCB
1 4.10 3.08 0.86 1.10 1.15 1.23 1.36 1.14 1.91

2 5.12 3.63 1.46 1.87 1.45 1.14 1.54 1.27 1.40

3 5.21 3.45 1.78 1.06 1.63 1.68 1.52 1.36 1.64

4 4,42 5.31 1.68 1.22 1.33 1.12 1.37 1.22 1.67

5 5.78 3.75 1.47 1.15 1.47 0.27 1.54 1.28 1.99

6 5.15 3.41 1.39 1.78 1.00 1.35 1.52 1.30 2.19

7 4,45 4.03 1.73 1.24 1.45 1.16 1.62 1.35 1.65

" .89 3.81 1.48 1.35 7.35 114 1.50 1.27 1.78

G 0.59 0.73 0.31 0.33 0.21 0.43 0.10 0.08 0.27

3.145 1.84 2.28 0.98 1.05 0.67 . 1.35 0.30 0.24 0.83

Note: 3.14 is the t-Statistic for n-1 degrees of freedom, 99% Confidence Interval.

Analyte Concentrations by ECD in ppb

Sample ID |trans 1,2-DCE |1,1-DCA cis 1,2-DCE |TCE 1,4-DCB
1 1.15 0.68 0.68 1.03 0.71
2 1.23 0.70 0.87 1.20 0.82
3 1.27 0.87 0.87 1.19 0.87
4 1.16 0.85 0.73 1.04 0.76
5 1.27 0.83 0.87 1.17 0.82
6 1.25 0.84 0.82 1.16 0.81
7 1.26 0.72 0.80 1.21 0.87]
u 1.23 0.78 0.81 1.14 0.81
o 0.05 0.08 0.08 0.08 0.06
3.14c 0.16 0.25 0.24 0.24 0.18

Note: 3.14 is the t-Statistic for n-1 degrees of freedom, 99% Confidence Interval.
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Table F-4. Precision and Accuracy Worksheet

Analyte Relative Percent Recoveries by FID

Standard Concentration: 10 ppb
Sample ID | Vinyl Chloride| cis 1,2-DCE Benzene TCE Toluene o-Xylene 1,4—[?8_
1 46 79 76 80 79 82 80
2 42 68 77 85 83 87 89
3 54 89 88 88 92 92 93
4 43 77 80 74 84 89 83
5 47 91 79 92 82 84 86
6 53 80 86 92 90 90 88
7 51 78 79 81 82 83 82
u 48% 80% 81% 85% 85% 87% 88%
o 4.67 7.61 4.38 6.84 4.56 3.80 5.11

Analyte Relative Percent Recoveries by ECD

Standard Concentration: 10 ppb
Sample ID [trans 1,2-DCE |1,1-DCA cis 1,2-DCE_|TCE 1,4-DCB
1 91 88 87 85 107
2 105 99 98 98 112
3 97 96 95 93 115
4 95 94 91 89 109
5 g5 89 86 87 100
6 107 101 99 39 111
7 104 93 g1 94 103
M 99% 94% 93% 92% 108%
c 6.30 463 4.84 5.19 5.40
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SECTION 1
PIEZO-CONE PENETRATION TESTS

HANSCOM AIR FORCE BASE
MASSACHUSETTS

INTRODUCTION

Applied Research Associates, Inc. (ARA), under contract to Arrnstrdng Laboratory,
conducted Piezo-Electric Cone Penetration Tests (P-CPT) in support of the geotechnical
investigation at Hanscom AFB, Massachusetts. The purpose of this effort is to aeterfnme
whether or not groundwater samples collected from CPT-installed Wéils pfoduce thé same
analytical results as groundwater samples collected from conventionally installed wells. This
report documents ARA's site investigation efforts, test technique?s'a;nd analysis of the data for
fieldwork conducted from August 1996_’ to "February)1997~. Presentéd’in this report are the field

testing methods, data analysis techniqués:émd .ardi:sféussioﬁ of the results.

TEST LOCATIONS =

Sixty-two cone penetromefcer tests have been conducted as a part of the geotechnical
investigation at Hanscom AFB in Massachusetts. The CPT test identification and depth of each

penetration are listed in Tables 1.1, 1.2, and 1.3.

A total of forty-three 2-inch ID PVC monitoring wells were installed using the

penetrometer vehicle. The monitoring well construction details are summarized in Table 1.4.




REPORT OUTLINE

This report is organized into four sections and one Appendix. Section 2 discusses the P-
CPT equipment, field procedures and data format. Section 3 is a discussion of the techniques
used for estimating soil classification. Section 4 contains a list of references. ) .

The data for the CPT tests are presented in Appendix A. Each profile consists of tip
resistance (psi), sleeve friction (psi), friction ratio (sleeve friction/tip re§isfcanée), pore pressure

(psi), and soil classification.




Table 1.1 CPT Testing Summary at Site 1, Hanscom AFB

Site Test ID Date of Test Depth of Depth to GWT
Penetration (ft) (ft)
1 CPT-02 08/29/96 17.5 4.90
1 CPT-03B 08/29/96 4.0 N/A
1 CPT-MW-04 12/17/96 16.2 13.47
1 CPT-B102-MW 01/10/97 19.3 1.96
1 CPT-B103-MW 01/28/97 15.0 13.47
1 CPT-B104-MW 01/28/97 9.5 7.53
1 CPT-B108-MW 01/11/97 67.3 7.67
1 CPT-B113-MW 12/19/96 49.1 11.12
1 CPT-B115-MW 01/10/97 51.0 18.39
1 CPT-B126-MW 01/11/97 49.9 1.96
1 CPT-RAP1-4S 01/28/97 15.0 . 2.85
1 CPT-RAP1-5S 01/28/97 10.8 - ‘8.79
1 CPT-RAP1-6S 01/09/97 --19.2 5.90
Table 1.2 CPT Testing Summary at Site 2, Hanscom AFB
Site Test ID Date of Test | Depth of Depth to GWT
‘ Penetration (ft) (ft)
2 CPT-01 08/29/96 44.6 7.40
2 CPT-04 08/30/96 65.0 7.00
2 CPT-B101-MW - 01/11/97 22.3 7.67
2 CPT-B105-MW 12/20/96 18.0 10.03
2 CPT-B106-MW 12/21/96 18.0 7.84
2 CPT-B107-MW 12/19/96 17.5 11.12
2 CPT-B109-MW 12/20/96 62.7 8.68
2 CPT-B130-MW 01/09/97 19.3 8.87
2 CPT-B238-MW 01/29/97 12.3 4.93
2 CPT-B239-MW 01/29/97 26.0 4.93
2 CPT-B241-MW 01/11/97 20.3 7.45
2 CPT-B242-MW 01/30/97 40.8 7.45
2 CPT-OW2-1 12/22/96 18.4 11.54
2 CPT-OW2-2 12/22/96 23.3 12.18
2 CPT-OW2-4 01/10/97 35.3 18.39
2 CPT-OW2-6 12/21/96 23.3 11.04
2 CPT-OW2-7 01/10/97 25.3 10.52
2 CPT-RAP2-2S 12/19/96 23.2 6.09
2 CPT-RAP2-2T 12/19/96 69.0 8.80
2 CPT-RAP2-3S 01/09/97 28.9 8.27
2 CPT-RAP2-4S 12/18/96 28.5 6.32
2 CPT-RAP2-4T 12/18/96 32.8 6.32
2 CPT-RAP2-5S 12/21/96 16.5 7.79
2 CPT-RFW-11 12/18/96 21.0 11.79




Table 1.3 CPT Testing Summary at Site 21, Hanscom AFB

Site Test ID Date of Test Depth of Depth to GWT
Penetration (ft) (ft)
21 CPT-05 08/30/96 16.0 15.00
21 CPT-06 08/30/96 21.2 21170
21 CPT-B20 02/03/97 19.0 8.62
21 CPT-B37 01/31/97 19.0 6.19
21 CPT-B38 02/04/97 20.5 13.93
21 CPT-B39 02/04/97 21.0 12.20
21 CPT-B40 01/31/97 19.1 11.73
21 CPT-B41 01/31/97 17.0 11.28
21 CPT-B42 01/31/97 17.0 7.30
21 CPT-OW-2 01/10/97 16.8 4.96
21 CPT-MWZ-3 01/31/97 215 . 14.80
21 CPT-MWZ-4 02/04/97 20.0 13.77
21 CPT-MWZ-5 02/01/97 206 11.53
21 CPT-MWZ-6 02/01/97 20.5 8.51
21 CPT-MWZ-7 01/31/97 14.2 5.30
21 CPT-MWZ-8 01/30/97 21.2 16.01
21 CPT-MWZ-11 02/01/97 20.9 11.17
21 CPT-MWZ-12 01/31/97 224 5.30
21 CPT-MWZ-16 02/05/97 ST 14.34
21 CPT-MWZ-17 02/03/97 -20.2 14.34
21 CPT-MWZ-19 - .01/30/97 15.2 N/A
21 CPT-MWZ-22  .° 02/03/97 - 215 12.22
21 CPT-MWZ-23 . . 01/31/97 21.0 14.39
21 CPT-MWZ-24 02/04/97 20.3 14.39
21 CPT-MWZ-25 01/31/97 13.3 N/A




SECTION 2
TESTING EQUIPMENT AND PROCEDURES

INTRODUCTION

The electric cone penetrometer test (CPT) was originally developed for use in soft soil.
Over the years, cone and push system designs have evolved to the point where they can now be
used in strong cemented soils and even soft rock. ARA's penetrometer consists of an
instrumented probe that is forced into the ground using a hydraﬁlicload frame fﬁoi’mted ona
heavy truck with the weight of the truck providing the necessary'reaction mass. The probe has a
conical tip and a friction sleeve that independently measure vertical resistance beneath the tip as
well as frictional resistance on the side of the probe as functions of depth. A schematic view of
ARA's penetrometer probe is shown in Figure 2.1. A pressure transducer in the cone is used to

measure the pore water pressure as the probe is pushed into the grdund (Piezo-CPT).

PIEZO-ELECTRIC CONE PENETROMETER TEST

The cone penetromevtéf.fev‘sts are condﬁbted using the ARA penetrometer truck. The
penetrometer equipment is mouﬁtég inside a van body attached to a ten-wheel truck chassis with
a diesel engine. Ballast in the form ‘o‘-f métal weights are added to the truck to achieve an overall
push capability 0f 50,000 Ibs. Penetration force is supplied by a pair of large hydraulic cylinders
bolted to the truck frame.

The penetrometer probe is of standard dimensions having a 1.730-inch diameter, 60°
conical tip, and a 1.75-inch diameter by 5.27-inch long friction sleeve. The shoulder between the
base of the tip and the porous filter is 0.08 inch long. A 1.85-inch diameter expander, located
5.25 inches behind the top of the friction sleeve and shown in Figure 2.1, pushes the penetration
hole open and reduces the frictional drag on the push tubes behind the probe. The penetrometer

1s normally advanced vertically into the soil at a constant rate of 48 inches/minute, although this




rate must sometimes be reduced as hard layers are encountered. The electric cone penetrometer

test is conducted in accordance with ASTM D3441 (Ref. 1).

Inside the probe, two load cells independently measure the vertical resistance against the
conical tip and the side friction along the sleeve. Each load cell is a cylinder of uniform cross
section inside the probe which is instrumented with four strain gages in a full-bridge circuit.
Forces are sensed by the load cells and the data are transmitted from the probe assembly via a
cable running through the push tubes. The analog data are digitized, recorded, and plotted by
computer in the penetrometer truck. A set of data is normally recorded each second, for a
minimum resolution of about one data point every 0.8 inch of cone advance. The depth of
penetration is measured using a linear displacement transducer mounted inside one of the push

cylinders.

Electronic data acquisition equipmént 'for the cone pvenetrdm.eter consists of a computer
with a graphics monitor and a rack of eig"hf signal ~'cbf1difi6ﬁérs’; Analog signals are transmitted
from the probe to the signal conditioners where the CPT data are amplified and filtered at 1 Hz.
Once amplified, the analog signals are transmitted to a high speed analog-to-digital converter
board, where the signals are digitized; usually at the rate of one sample per second for the
penetration data. The digital data are then read into memory and written to the internal hard disk
for future processing. Upon completion of the test, the penetration data is plotted. The digital

data are brought to ARA's New England ‘Division in South Royalton, Vermont, for analysis and

preparation of report plots.

Saturation of the Piezo-Cone

Penetration pore pressures are measured with a pressure transducer located behind the tip
in the lower end of the probe. Water pressures in the soil are sensed through a 250 micron
minimum porous polyethylene filter that is 0.25-inch high and 0.202-inch thick. The pressure
transducer is connected to the porous filter through a pressure port as shown in Figure 2.1. The

pressure port and the filter are filled with a high viscosity silicone oil.




For the pressure transducer to respond rapidly and correctly to changing pore pressures
upon penetration, the filter and pressure port must be saturated with oil upon assembly of the
probe. A vacuum pump is used to de-air the silicone oil before use and also to saturate the
porous filters with oil. The probe is assembled with the pressure transducer facing upwards and
the cavity above the pressure transducer is filled with de-aired oil. A prev1ously saturated ﬁlter
is then placed on a tip and oil is poured over the threads. When the cone tip is screwed into
place, excess oil is ejected through the pressure port and filter, thereby ~forcmg out any trapped

air.

Saturation of the piezo filter is verified with field calibrations performed on a daily basis
and after replacement of the filter. The high viscosity of the silicone oil coupled with the small
pore space in the filter prevents the loss of saturation as the cone is plished through dry soils.

Saturation of the cone can be verified with a calibration check at th:e’completion of the

penetration. Extensive field experience has proven the reliability of this technique.

Field Calibrations

Many factors can’ effectlvely change the cahbratlon factors used to convert the raw
instrument readouts, measured in volts, to units of force or pressure. As a quality control
measure, as well as a check for instrument damage, the load cells and the pressure transducer are
routinely calibrated in the field. Calibrations are completed with the probe ready to insert into
the ground so that any factor affecting any component of the instrumentation system will be

included and detected during the calibration.

The tip and sleeve load cells are calibrated with the conical tip and friction sleeve in place
on the probe. For each calibration, the probe is placed in the push frame and loaded onto a
precision reference load cell. The reference load cell is periodically calibrated in ARA's
laboratory against instruments traceable to NIST standards. To calibrate the pore pressure
transducer, the saturated probe is inserted into a pressure chamber with air pressure supplied by
the compressor on the truck. The reference transducer in the pressure chamber is also

periodically calibrated against an NIST traceable instrument in ARA's laboratory. Additionally,




the linear displacement transducer used to measure the depth of penetration, is periodically

checked against a tape measure.

Each instrument is calibrated using a specially developed computer code that displays the
output from the reference device and the probe instrument in graphical form. During the
calibration procedure, the operator checks for linearity and repeatability in the instrument output.
At the completion of each calibration, this code computes the needed calibration factors using a
linear regression algorithm. At a minimum, each probe instrument is éal«ﬁ?rated at ihe beginning
of each day of field testing. Furthermore, the pressure transducer is recalibfatédfeach time the
porous filter is changed and the cone resaturated. Calibrations are also perfonne'd to-verify the

operation of any instrument if any damage is suspected.
Penetration Data Format

Data are presented as profiles of tip resistance and sleeve fribtion. A sample presentation
of data is shown in Figure 2.2. Tip resistance is obtained by dividing the vertical force on the
conical tip by the effective tip area (2.35 in®). The offset between the depth at the tip and the
depth at the friction sleeve is corrected by shifting the sleeve friction profile downward so that it
corresponds to the depth at the centroid of the tip. In addition to the resistance and sleeve
friction, a friction ratio profile is ﬁresgnted for each location. This is simply the sleeve friction
expressed as a percentage of the tip resistance. In uncemented soils the friction ratio can be used

to determine soil type.

The penetration pore pressure that is measured as the probe is advanced is also plotted in
Figure 2.2. As shown in Figure 2.1, the piezo-cone probe senses the pore pressure immediately
behind the tip. Currently, there is no accepted standard for the location of the sensing element.
ARA chose to locate the sensing element behind the tip since the filter is protected from the
direct thrust of the penetrometer and the measured pore pressure can be used to correct the tip
resistance data (discussed in the next section) as recommended in Reference 2. The magnitude
of the penetration pore pressure is a function of the soil compressibility and, most importantly,

permeability. In freely draining soil layers, the measured pore pressures will be very close to the




hydrostatic pressure computed from the elevation of the water table. When low permeability soil
layers are encountered, excess pore pressures generated by the penetration process can not
dissipate rapidly and this results in measured pore pressures which are significantly hlgher than
the hydrostatic pressures. Whenever the penetrometer is stopped to add another secthn of push
tube, or when a pore pressure dissipation test is run, the excess pore pressure may begin to
dissipate. When the penetration is resumed, the pore pressure quickly rises tO\:ﬂ"lé level measured
before the penetrometer was stopped. This process causes some of the spikes that appear in the

penetration pore pressure data.
Pore Pressure Correction of Tip Stress

Cone penetrometers, by necessity, must have a joint between the tip and sleeve. Pore
pressure acting behind the tip decreases the total t1p resmtance that would be measured if the
penetrometer was without joints. The 1nﬂuence of pore pressure 1n these joints is compensated

for by using the net area concept (Ref. 2). ,The comected /t;“p reswtance is given by:

(4
qr =g, tu (l ——Lj 2.1)
where: qr = corrected tip resiste_u_ice (pst)
q. = measured tip resistance (psi)
u = penetration pore pressure measured behind the tip (psi)

A, = net area behind the tip not subjected to the pore pressure
A; = projected area of the tip
Hence, for the ARA cone design, the tip resistance is corrected as:

g, = q. +u (.1890) (2.2)

Laboratory calibrations have verified Equation 2.2 for ARA's piezo-cone design.




A joint also exists behind the top of the sleeve (see Figure 2.1). However, since the
sleeve is designed to have the same cross sectional area on both ends, the pore pressures acting
on the sleeve cancel out. Laboratory tests have verified that the sleeve is subjected to equal.end

area effects. Thus, no correction for pore pressure is needed for the sleeve friction data.

The net effect of applying the pore pressure correction is to increasejthc':tip resistance.

Generally, this correction is only significant when the measured tip resistance is very low.
Numerical Editing of the Penetration Data

Any time that the cone penetrometer is stopped or pulled back during a test, misleading
data can result. For instance, when the probe is stopped to add the next push tube section, or
when a pore pressure dissipation test is run, the excess pore pressures will dissipate towards the
hydrostatic pore pressure. When the penetration is resumed, the pore pressure generally rises
very quickly to the pressures experienced prior to the pause in the test. In addition, the probe is
sometimes pulled back and cycled up and down at intervals in deep holes to reduce soil friction
on the push tubes. This results in erroneous tip Stfe_Ss data when the cone is advanced in the

previously penetrated hole.

To eliminate this misleading data from the penetration profile, the data is numerically
edited before it is plotted or used in further analysis. Each time the penetrometer stops or backs
up, as apparent from the depth data, the penetration data is not plotted. Plotting of successive
data is resumed only after the tip is fully re-engaged in the soil by one tip length of new
penetration. This algorithm also eliminates any data acquired at the ground surface before the tip
has been completely inserted into the ground. The sleeve data is similarly treated and this results
in the first data point not occurring at the ground surface, as can be seen in the tip and sleeve
profiles of Figure 2.2. These procedures ensure that all of the penetration data that is plotted and

used for analysis was acquired with the probe advancing fully into undisturbed soil.
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MONITORING WELL INSTALLATION
Well Installation Method

Prior to each well placement, a 1.75-inch standard CPT cone was pushed to the designed
well completion depth. This first push measured the geologic conditions at that location and
provided a guide hole for the larger diameter well. During the CPT plklsh,vdata was acquired and

stored during penetration and a field plot generated at the completion of the penetration.

Monitoring wells were installed by first threading a étainlessvste_el or high—str"ength plastic
tip into one end of a one-meter silt trap section. This well tip acted as the drive point as the well
was pushed into the ground. If a silt trap was not used, the tip was threaded diréétly onto the

bottom screen section. A schematic of this well installation procedure is presented in Figure 2.3.

The riser or screen sections were threaded onto one another as required and lowered

through the penetrometer push system until the ﬁp rested on the ground surface.

The steel push rods, with a blunt tip attached, were lowered inside the well material until
the blunt end came to rest atop the well tip.. Push rods were added until the rod string protruded
above the top of the well material.  The head clamp of the clamping system was then able to

clamp the rods and not the well méteria’l.

Installation was initiated when the rods drove the well tip into the ground, pulling the
well material into the ground with it. Additional screen and riser sections were added as

necessary until the screen section was at the designed depth.

Once the desired depth was achieved, the push rods were removed from the well. If
required during retraction, the rods were decontaminated using the CPT rig's steam cleaner.
Water generated during the rod decontamination process was containerized and delivered to the

on-site groundwater treatment facility for disposal.
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Well Screen and Riser

The wells were constructed of 2-inch diameter schedule 80 PVC with flush thrééded :
joints. Each section is one meter (3.28 feet) long, has an outside diameter of 2.375 inches. The
well screen is constructed of 0.020-inch slot schedule 80 PVC and is configured to match as

closely as possible to the existing conventionally installed well screen top and bottom elevations.

Surface Seal

After the well was installed, a flush mounted manhoie co{/er Qas-installed aﬁd set in an
eighteen (18) inch square concrete cap. The well riser was cut approximately 2 to 3 inches below
the top of the cap before the manhole cover“,and(capxy;:f‘e;_rig instalié;d.f buring winter conditions, the
well locations were marked with wood stzikés Which: have been sp'fay) painted with fluorescent

marking paint.
Field Documentation

Field documentation "Was maintained during the installation of monitoring wells. A
monitoring well installation report was completed for each well installed.
DEVELOPMENT OF MONITORING WELLS
Objective

The monitoring wells were developed following their completed installation. Well

development was designed to promote the free movement of groundwater through the well

screen so that representative groundwater samples can be obtained.
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Well Development Procedures

Development of CPT-installed monitoring wells was conducted with the AgpdVafk 'qul
development system. This system is a combination of a mechanical surge block a}fl’d'a venturi air
lift silt and water pump. The Aardvark system was cleaned in a liquinox wa‘te;r bath before each
use to avoid cross-contamination. Development was achieved by raising and lowering the
Aardvark development head in the well repeatedly over a two-foot section of the well screen.
During this process field readings were taken of the purge water's temperature, pH, and turbidity
at a rate of at least 1 reading per removed well volume. Field pkarameters were }heas-ilred with a
YSI Model 6820 field water-quality meter. The purging process was continued until the
parameters stabilized (less than 0.2 pH units or a 10 percent change for thé bthef parameters

among four consecutive readings) and the water was clear and free of fines.
Well Development Records

Well development re‘_&:ﬁérdé&ére maintained ’b'y completing a Well Development Log for

each well. {;};
Management of Purge Water -

Purge water generated during the well development process was containerized and

delivered to the on-site groundwater treatment facility for disposal.
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Figure 2.1 Schematic of ARA's cone penetrometer probe.
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Figure 2.2 Typical P-CPT penetration profile.
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Figure 2.2 Typical P-CPT penetration profile. (concluded)
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Figure 2.3 Schematic of 2-inch diameter PVC well installation with Cone Penetration Technique
(CPT).
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SECTION 3

TECHNIQUES FOR ESTIMATING IN SITU SOIL PROPERTIES

OVERVIEW

Presented in this section is a detailed discussion of a typical Piezo-Electric Cone
Penetrometer Test (P-CPT) methods for estimating in situ soil properties. All calculations were
conducted using a soil density of 115 pcf above the water table and 62.6 pef below the water
table. '

LOCATION OF THE SITE WATER TABLE

Generally, the static water table at a given site can be identi‘ﬁed from the penetration pore
pressures, which will be equal to the hyd’fobstatic pore pressure in ﬁ‘éely draining soil layers.
When no such layers are present at a site, pbre pressufe dfssipation tests can be performed to
determine hydrostatic pressures at depth. In the case of Hanscom AFB, the water table was
acquired from the respective of iMediately adjacent well. Groundwater table information is

used primarily to determine the soil classification as a function of depth.

SOIL CLASSIFICATION

Plots of normalized tip resistance versus friction ratio and normalized tip resistance
versus penetration pore pressure can be used to determine soil classification as a function of
depth. Both methods of soil classification are based on empirical charts developed by Robertson.

The corrected tip stress, qr, in Figure 3.1 has been corrected for pore pressure effects, as
discussed in Section 2, and converted to units of bars (1 bar = 14.7 psi). The pore pressure ratio

1s defined as:
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Umeas =~ Uo

B, =
qT - Ovw
where:  u__= measured penetration pore pressure
u = static pore pressure, determined from the water table elevation
q, = corrected tip resistance
o, = total overburden stress
and the normalized friction ratio is defined as:
s
= — x 100
fSN qT = Oy
and the normalized tip resistance is defined as: =
i R
i - qT - ci/o o

- Oy

| The intersection pomt of the q; anﬁd B, or £, values normally falls in a classification zone.

: The classification zone m;rhber corresponds to a soil type as shown in the figure. At some

: | depths, the CPT data will fall outside of the range of the classification chart. When this occurs,
no data is plotted and a break is seen in the classification profile. Soil classifications for this
work were determined using both charts in Figure 3.1. Close analysis of these charts indicates

|
|
that as the classification numbers vary, so does the soil grain size.
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Figure 3.1 Soil Classification Using the Cone Penrometer Test, P.K. Robertson.
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APPENDIX
P-CPT PROFILES
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CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment

Observation Well: 0PwW -~ mwz-7

City/State: _Hanscom AFB, Bedford, MA CPTID: cov-lsw?-7

Client. _Armstrong Laboratories, Tyndall AFB, AL/EQA

Crew Chief: Jot&L RorRST

Installation Date: [ -3/-97

Location: Sti7€ 21

ARAFileNo.: §3/9713. 0AT

Ground El

)

/— Type of Protective Cover/Lock
El. Datum «— Depth of Top of Roadway Box betow
Ground Surface -t
« Depth of Top of Riser Pipe beiow v B
VZZ2 /74 P72 N7 Ground Surface #
Comments: l¢— Type of Protective Casing:
Length P
Inside Diameter ‘ _  _in
. € Depth of Bottom of Roadway Box - f
! , Seals:
: : Type Depth to Thickness
1 1 Top (ft) ()
MER
LI 7
L v
] 1
1 4!
] by ]
1 4 1
&R
] g 8
i
E 1< Type of Riser Pipe: Schd 80 PVC, Timco
: ; : Inside Diameter of Riser Pipe -1_'9Lin
1 i
X E Type of Backfill around Riser
. .
1 ]
: { re— Diameter of Largest CPT Expander &@_—in
'
[}
]
5 ! Depth of Top of Wellpoint _
t
' Type of Point or Manufacturer. Schd 80 PVC, Timco
]
! Screen Gauge or Size of Openings Mz_g_in
1
L2 : Diameter of Welipoint 2.375 in
:
1
)
1
] - .-
X Depth of Bottom of Wellpoint A% 4 14-08 #eR2
L3 ¢ ’ BeoTToM
: SitTrap N O
& L.l Depth oPTHr DMY [9:35 &
(Depths refer to ground surface)
Tip Material: Steel Stainless Steel (Nylom) Other:
o+ 2 (™M o+ o) f = ft

Riser length (L1)

Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project. _5518 Direct Push Monitoring Point Assessment Observation Well: _oPw-R37
City/State: _Hanscom AFB, Bedford, MA CPTID: _cPT-837
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: _1-31-97
Crew Chief: Jee,. BorsST Location: _S17Z 2|
ARAFieNo.: S3/15708.0AT
Ground EL
/— Type of Protective Cover/Lock
El. Datum «— Depth of Top of Roadway Box below
Ground Surface ft
< Depth of Top of Riser Pipe below
LIINYS LINT A Ground Surface ft
Comments: | le— Type of Protective Casing:
Length ft
. Inside Diameter in
. ."' Depth of Bottom of Roadway Box #t
VEY ) Seals:
: : Type Depthto  Thickness
' ' Top (ft) (R)
iR
¥ 1
Lo
t 1
1 1
' '
] 1
1 1
%
b3 L]
E : 4:— Type of Riser Pipe: Schd 80 PVC, Timco
! ! inside Diameter of Riser Pipe 1.93
I 1
E E Type of Backfill around Riser
[ t
& re— Diameter of Largest CPT Expander 250
'
i
]
X ! Depth of Top of Wellpoint ft
1 .
, Type of Point or Manufacturer: Schd 80 PVC, Timco
)
: Screen Gauge or Size of Openings M_in
]
12 : Diameter of Wellpoint 2.375 in
]
]
I
]
]
' Depth of Bottom of Wellpoint _[_L;Lh MJISMY
! oM
L3 ' SitTrap NO Ger
T LT _ie— Depth ofGPDor DMY 19.0 4
(Depths refer to ground surface)
Tip Material: Steel Stainless Steel Other:
o+ 3(m) 4 -+ o 7 ft = ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment

City/State: _Hanscom AFB, Bedford, MA

Client: _Armstrong Laboratories, Tyndall AFB, AL/JEQA

Crew Chief: SOoEL  BorsT™

Observation Well: ffw - 0wz

CPTID: cpT-0wl
1-31-97

Installation Date:

Location: s 2!

ARAFile No.: 5313703 DAT

Ground EI.

o

El. Datum

Ground

A

VL FINTT A

Ground

Comments:
L

Seals:

Surface

Surface

ength

{nside Diameter

; & Depth of Bottom of Roadway Box

Type

Type of Protective Cover/Lock
Depth of Top of Roadway Box below

Depth of Top of Riser Pipe below

le— Type of Protective Casing:

Thickness
(ft)

Depth to
Top (ft)

1
'
)
1
1
1
1

4

kL
'
t
t
[
'
1
'
'

3

t - - - i¢— Depth o

Steel Stainless Steel ¢ Nylon)

Tip Material:

inside Diameter of Riser Pipe

| re— Diameter of Largest CPT Expander
Depth of Top of Welipoint
Screen Gauge or Size of Openings

Diameter of Wellpoint

Depth of Bottom of Wellpoint
SitTrap NO

or DMy

Other:

e Type of Riser Pipe: Schd 80 PVC, Timco

1.93 |

Type of Backfill around Riser .

2.50

Type of Point or Manufacturer: Schd 80 PVC, Timco

0.020
2.375

in

TMUSEY
Ro—TIrm

o /555

1675

(Depths refer to ground surface)

ft +

3(m) & +

o

ft

Riser length (L1)

Length of silt trap (L3)

Total length

Screen length (L2)




CPT WELL INSTALLATION REPORT

Observation Well: DPuws-mwz2 23
CPTID: cPT-MwWzZ -23

Project: _5518 Direct Push Monitoring Point Assessment

City/State: _Hanscom AFB, Bedford, MA
Client: _Armstrohg Laboratories, Tyndall AFB, AL/EQA

Installation Date: _I- 31-41

Crew Chief. JTogL. BorsT

Location: _s1me_2.!

ARA File No.: 53!

J70\W.0AT

Ground El.

C /— Type of Protective Cover/Lock
El. Datum «— Depth of Top of Roadway Box below

Ground Surface

Depth of Top of Riser Pipe below
Ground Surface

LN SIS A

Comments: 1 e~ Type of Protective Casing:
é Length

Inside Diameter

'«— Depth of Bottom of Roadway Box
Seals:

Type Depth to Thickness
Top (ft) (ft)

..J€ Type of Riser Pipe: Schd 80 PVC, Timco

Type of Backfill around Riser

Depth of Top of Wellpoint

Type of Point or Manufacturer: Schd 80 PVC, Tirhco

Diameter of Wellpoint

Depth of Bottom of Wellpoint

L3 SitTrap N©

T Lo --ie— Depth of (PO DMY

(Depths refer to ground surface)

Tip Material: Steel Stainless Steel (Nylon) Other:

i r&— Diameter of Largest CPT Expander _2__5_0___

n

Inside Diameter of Riser Pipe 1.93

Screen Gauge or Size of Openings 0_'0£0_in
2.375 .

in

7.85 ¢«

210 «

ft + SEGANES 0O ft =

Riser length (L1) Screen length (12) Length of silt trap (L3)

Total iength




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment, Observation Well: DPW - w32 -4

City/State: _Hanscom AFB, Bedford, MA . CPTID: cPT-mwe-b

Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: _2-1-97

Crew Chief JSof. BoRST Location: ST 21

ARAFile No.: _Sol F702 . PAT

Ground El.

/—' Type of Protective Cover/Lock
El Datum <«— Depth of Top of Roadway Box below
Ground Surface —_—t
< Depth of Top of Riser Pipe below
V72274 Y2 /A Ground Surface @
Comments: | e Type of Protective Casing:
E Length IS
inside Diameter _n
| '«— Depth of Bottom of Roadway Box —_—t
Seals:
Type Depth to Thickness
Top (ft) (ft)
L1

<'r'—— Type of Riser Pipe: Schd 80 PVC, Timco
2 Inside Diameter of Riser Pipe _7-_@__",

Type of Backfill around Riser

. Diameter of Largest CPT Expander __2_-_5_0_._in

Depth of Top of Wellpoint ft

Type of Point or Manufacturer: Schd 80 PVC, Timco
Screen Gauge or Size of Openings Min

L2 Diameter of Welipoint 2.375 in
Depth of Bottom of Wellpoint —ft

L3 SitTrap M0

T L Deptho@row ____20-§ ft

(Depths refer to ground surface)

Tip Material: Steel (Stainless Steel) Nylon Other:

ft o+ 2m) A o+ o ft = ft
Riser iength (L1) Screen length ({2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment Observation Well: _DPW-MWZ- {1
City/State: _Hanscom AFB, Bedford, MA CPTID: CPT-Mw=2-1]
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: _2-1-97
Crew Chief: __ Jo€. BoRsT Location: _SiT=_ 21
ARA File No.: S501\) F707. DAT
Ground El.
/-— Type of Protective Cover/Lock
El. Datum «— Depth of Top of Roadway Box below
Ground Surface ft
< Depth of Top of Riser Pipe below
777577 PN Ground Surface o
Comments: l— Type of Protective Casing:
Length f
Inside Diameter in
. -« Depth of Bottom of Roadway Box ft
' i Seals: :
: : Type Depthto  Thickness
! ' Top (ft) (ft)
.
N 1
Lo
1 1
i )
i 1
1 1
1 1
] N}
t
E - {*— Type of Riser Pipe: Schd 80 PVC, Timco
' : Inside Diameter of Riser Pipe L93_in
&
e E Type of Backfill around Riser
. .
] 1t
X r¢— Diameter of Largest CPT Expander _2_-_50_in
: e .
'
]
5 ! Depth of Top of Wellpoint ft
! _
: Type of Point or Manufacturer: Schd 80 PVC, Timco
1
' Screen Gauge or Size of Openings _0_'@_"‘
1
L2 : Diameter of Wellpoint 2.375 in
'
]
1
1
'
A ' Depth of Bottom of Wellpoint ft
L3 ' .
, SitTrap NO
L. \e— Deptn okCETAr DMY 2087 «

(Depths refer to ground surface)

Tip Material: Steel @ Nylon Other:

ft 3(™) ft NO ft

+ +

Riser length (L1) Screen length (L2) Length of silt trap (L3)

Total length




CPT WELL INSTALLATION REPORT

Project: _ 5518 Direct Push Monitoring Point Assessment
City/State: _ Hanscom AFB Bedford, MA

Observation Well: DPW - BZSQ'

CPTID: (OY - 37239

Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: _| - 29-97
— /') -
Crew Chief: _Ton Uade SWhpom Licles Location: _5 \TE |
ARA File No.:
Ground EL
Type of Protective Cover/Lock
. m
El. Datu Depth of Top of Roadway Box below
Ground Surface —_—ft
» Depth of Top of Riser Pipe below
V274 SIS A Ground Surface — &
Com méms: e— Type of Protective Casing:
Length —_—t
Inside Diameter . ——ifl
, € Depth of Bottom of Roadway Box ——ft
VRl seals:
: : Type Depth to Thicxness
i ' Top (ft) ()
e
1 1
Lt
t ]
1 t
] 1]
1 s
1 [}
[] & '
+ | d«— Type of Riser Pipe:  Schedule 80 PVC, Timco
[ =%
! Inside Diameter of Riser Pipe _1.913 .,
1
E Type of Backill around Riser
]
i r&— Diameter of Largest CPT Expander ___.2..5_in
:q 8
: E
1
1
-i[— : Depth of Top of Wellpoint —_—t
' .
: Type of Point or Manutacturer:  Schedule 80 PVC, Timco
1 .
J Screen Gauge or Size of Openings —0.020 i
[}
L2 Diameter of Wellpoint 2376 in
[}
'
1
1
1 O ; .
- ! Depth of Bottom of Welpoint i«
]
L3 ' SitTrap /O
K3 L---k—bapmofaonomofsemgr L2:0 4
C
/— {Depths refer to ground surface)
Tip Material: Steel Stainless Steel‘\@then
t o+ (2m) # + 0 t =
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length

File:I:\5518\docs\WorkPlan\wellinst.doc




CPT WELL INSTALLATION REPORT

Project: _ 5518 Direct Push Monitoring Point Assessment Observation Well: DPW-RaR1-45
City/State: _ Hanscom AFB Bedford, MA CPTID: _Cov - RAB(H4S
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: |- 28~-977
Crew Chief: __Joho Clacle  Slaon ik Location: _ S 17T € |
ARA File No.:
Ground ElL
Tvpe of Protective Cover/Lock
El. Datum
Depth of Top of Roadway Box below
Ground Surface —_—
= Depth of Top of Riser Pipe below 0.3
777577 V47 Ground Sutace t
Comments: F— Type of Protective Casing:
Length —ft
Inside Diameter . —in
h ;€= Depth of Bottom of Roadway Box —_—tt
P El L seals:
. " Type Depth to Thomess
: : : Too (ft) d)
L
S ¢
s
1 3 E t
s
N H
' A&—— Type of Riser Pipe: Schedule 80 PVC, Timco
t s ]
VE] inside Diameter of Riser Pipe 1.913
1 1]
E E Type of Backfit around Riser
1] ]
: :‘—— Diameter of Largest CPT Expander _zi_in
i 1
'
]
< ! Depth of Top of Wellpoint SR
!
Y 3.0 [} ' Type of Point or Manufacturer:  Schedule 80 PVC, Timco
: .
: Screan Gauge or Size of Openings Mp_in
]
L2 ' Diameter of Wellpoint _Zﬂ_in
)
E Nitpsurcel d\,c,o*'\ 13.0 {4 b;]
' ' ﬁ/gr may %720‘”‘5{ vp o ard
- ! Depth of Bottom of Welpaint L1224 not gere
] ’
L3 : SitTrap AV 7 v
]

- - - - — Depth

of Bottom Qf.Bo:aheis’

/5.0, éM/AM,

cPT
(Depths refer to ground surtace)
Tip Material: Steel Stainless Steel <N/y1;;,7 Other:
.
ft o+ [CIAN O # = ft
Riser length (L1) Screen length {L2) Length of silt trap (L3) Total length

File:I:\551 8\docs\WorkPlan\wellinst.doc
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CPT WELL INSTALLATION REPORT

City/State: _ Hanscom AFB Bedford, MA

Project: _ 5518 Direct Push Monitoring Point Assessment

Observation Well: DYPW- RAP\-55

cPTID: (0T -ReRI-5 S

Client: _Armstrong Laboratories, Tyndall AFB, ALJEQA
:rO\ﬁ"'\ l M\L’I ‘)eﬂx\ Q«(C\m

Installation Date: |~ L% - ? 7

[— Type of Riser Pipe:

= = = e e e e e e = e e = - e= e e e = e AR e e e = e e = - - —

<)

Crew Chief: Location: SITE \
ARA File No.:
Ground El.
Tvoe of Protactive Cover/Lock
El. Datum
Depth of Top of Roadway Box balow
Ground Surface —_—t
Dapth of Top of Riser Pipe below
IINTS INZS A Ground Surface o T O-%
Comments: <~ Type of Protective Casing:
Length —t
E Inside Diameter . — i
4 € Depth of Bottom of Roadway Box ft
; Seals:
Type Depth to Thickness
i Top (f) (t1)
L1

Schedule 80 PVC, Timco

]
' inside Diameter of Riser Pipe _1.913
1
1 N
: Type of Backfil around Riser _
]
:1— Diameter of Largest CPT Expander _2..5_in
1
Depth of Top of Wellpoint —t

Type of Point or Manufacturer:  Schedule 80 PVC, Timco.

[}
1
]
!
'
}
]
]

7~ 6 lg T 5 ! Screen Gauge or Size of Openings -0.020 i,
]

L2 E Diameter of Wellpoint _ZLQZiin
i
1
1
1

X —— Depth of Bottom of Welpaint 10.0 4
L3 X

E st Trap /N0
' -
3 - - - — Depth of Bottom of Bertte- L0.>,

(Depths refer to ground surfacs)

File:I'\5518\docs\WorkPlan\wellinst.doc

Tip Material: Steel  Stainless Steel Nylon Other:
o+ (Bl & + D # = f
Riser length (L1) Screer length (L2) Length of silt trap (L3) Total length '

caen e . - . R e T TR




CPT WELL INSTALLATION REPORT

Project: _ 5518 Direct Push Monitoring Point Assessment____ Observation Well: TN\ * B0OD
City/State: _ Hanscom AFB Bedford, MA CPTID: _CPT-31D3
Client: _Armstrong Laboratories, Tyndall AFB,ALJEQA _____ Installation Date: _{- 2.8-97
4
Crew Chiel ~Llwn Clocle  Serom ReckER Location: _ S 12!
ARA File No.:
Ground El
/— Type of Protective Cover/Lock
El. Datum <— Depth of Top of Roadway Box below
Ground Surface —_
77777 777K Deoth of Top of Riser Pipe below + O-31
Comments: e— Type of Protective Casing:
' Length —_—t
a Inside Diameter . ——in
X &= Depth of Bottom of Roadway Box —
! ,  Seals:
: : Type Depth to Thickness
1 | Top (f) (1)
s
t 1
bt
] )
i 1
] 1
t 1
] 1
] 1
, ' Type of Riser Pipe:  Schedule 80 PVC, Timco
t
K inside Diameter of Riser Pipe 1.913 .
1 1
E i Type of Backfill around Riser
1 1
' 21—- Diameter of Largest CPT Expander .._ZLLin
I ]
i
]
=+ ! Depth of Top of Wellpoint —_—
1 . . .
H Type of Point or Manufacturer: Schedule 80 PVC, Timco
]
g 12.2¢ - ' Screen Gauge o Size of Openings  —2:020 in
hd 1
- RToc L2 : Diamster of Welipoint 2.375 i
]
l :
1
1
1
: Depth of Bottom of Welpoint _L‘.Z'_Z.Zx
1
LB sitTrap /D
T c :1-—- De /5.9
-—— pth of Bottom of Berehots —_—ft
cPrT
(Depths refer to ground surface)
Tip Material: Steel Stainless Steel Nylon' Other:
ft o+ Gm) &\ & 4 O =
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length

File:I:\551 8\docs\Woﬂ:_Plan\wcllinst.doc
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CPT WELL INSTALLATION REPORT

Project: _ 5518 Direct Push Monitoring Point Assessment Observation Well: DPW - 104

City/State: _ Hanscom AFB Bedford, MA CPTID: CPT - o
Client: _Armstrong Laboratories, Tyndall AFB,ALULEQA ______Installation Date: | - 28-%7
Crew Chief: _John  Cleche | S bprn i Location: _S V€ |
ARA File No.:
Ground EL
/— Tvpe of Protective Cover/Lock
El. Datum <— Depth of Top of Roadway Box below
Ground Surface —t
Depth of Top of Riser Pipe below Y4
777577 TTNT7 A Ground Surface +
Comm:ents: - re— Type of Protective Casing:
Length —eeft
Inside Diameter . —ifl
. € Depth of Bottom of Roadway Box —t
‘1) Seas:
: : Type Depth to Thoxess
1 1 Too (1) )
e
1 ]
L
] ]
] 1
1 i
[ i
CH
' «:—— Type of Riser Pipe: Schedule 80 PVC, Timco
[} 1
! : Inside Diameter of Riser Pipe 1913
1 ]
E E Type of Backfill around Riser
t l
: :4— Diameter of Largest CPT Expander _Z..Lin
1 ¥
i
1
-+ ! Depth of Top of Welipoint —_
I . .
: Type of Point or Manufacturer: - Schedule 80 PVC, Timco
! ‘
! Screen Gauge or Size of Openings 0020 i
1
L2 ' . . .
Y 8 2 i Diameter of Wellpoint _Z,_&Zim
bToc :
' .
] ~ T Am el
X ! Depth of Bottom of Welpoint _t_j_gln &, N {2 Mecsd
: ‘
L3 : sitTmap /A0 :
T Ceo- ¢— Depth of Bottom of -Berehote- _C.)_..S_.h
cPT
(Depths refer to ground surface)
) ) /“‘__\
Tip Material: Steel Stainless Steel W Other: .
o+ P o _ft = ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length

Fllc:I:\SS18\docs\Wo@lan\wellinst.doc




CPT WELL INSTALLATION REPORT

Project: _ 5518 Direct Push Monitoring Point Assessment___ Observation Well: DPw - H16 |-mw

City/State: _ Hanscom AFB Bedford, MA

CPTID: _CPV- Dypi-m™My

Client: _Armstrong Laboratories, Tyndall AFB, ALJEQA ___ Installation Date: _1-1t-977

Crew Chief: __2

Location:  Site 2 sAaM (AMP

ARA File No.: S 113706 DAT

Ground EL
Tvpe of Protective Cover/Lock
El. Datum p
<— Dapth of Top of Roadway Box below
Ground Surface ——t
T Depth of Top of Riser Pipe below
1INTE AN A Ground Surface —
Comments: 4 e Type of Protective Casing:
! Length S
E Inside Diameter . —_—in
| 1 = Depth of Bottom of Roadway Box N
v b1 Seals:
B Type Depth to Trickness
1 3 Too (ft) ]
v B
1 -4
] ; 1
L1 Eg
&
1 Fg !
1 ok 1
[ = S
1 Fd 1
] .3 1
X 1
' 44— Type of Riser Pipe: Schedule 80 PVC, Timco
v Bd
Py Inside Diameter of Riser Pipe _1.913 .
t 1
1
E : Type of Backil around Riser
[ =
: :1— Diameter of Largest CPT Expander _2:.5_in
1
'
[}
]
-i:— : Depth of Top of Wellpoint —_—
]
' Type of Point or Manutacturer:  Schedule 80 PVC, Timeco
! . ;
' Screen Gauge or Size of Openings —0.020 i
]
L Diameter of Wellpoint 2375 in
]
:
[}
' 8
1
J.
- ! Depth of Bottom of Welpoint zi-° ,
L3 !
' g Sit Trap J=, /M
] 1 .
T - - - « W¢— Depth of Bottom of Borehole é’.@t
(Depths refer to ground surface)
Tip Material: Steel Stainless Steel@ Other:
£+ e, ft o+ 228 = ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length

File:!:\55 18\docs\WorkPlan\wellinst.doc




CPT WELL INSTALLATION REPORT

DP.
Project: _ 5518 Direct Push Monitoring Point Assessment Observation Well: _R24 /-1

City/State: _ Hanscom AFB Bedford, MA CPTID: LPT-L247 -1
Client: _Armstrong Laboratories, Tyndall AFB,AL/EQA______Installation Date: _//, /9 Z
Crew Chief: Location: _S72 *Z
ARA File No.: S/S70R.DAT
Ground EL
Type of Protective Cover/Lock
El. Datum
/:— Depth of Top of Roadway Box below
Ground Surtace —_—tt
Depth of Top of Riser Pipe below
V224 V72774 Ground Surface & 'i' Z b/
Comments: ‘1 [+ Tvpe of Protective Casing:
2 Length —_
Inside Diameter . —if}
. € Depth of Bottom of Roadway Box N
: i Seals:
H : Type Deshito  Thexiess
i : Too {#) [}
: i
s i
L1 ! '
H i
1 ]
] t
] 1
1 ]
) 5 ]
i | $&—— Type of Riser Pipe:  Schedule 80 PVC, Timco
[ i O}
3 inside Diameter of Riser Pipe 1913 ;,
] ]
E E Type of Backfil around Riser
1 1
: :1—- Diameter of Largest CPT Expander _Z..Lin
]
:
]
[} —
<+ ! Depth of Top of Walipoint 2.6,
! .
' Type of Point or Manutacturer:  Schedule 80 PVC, Timco
1
! Screen Gauge or Sizs of Openings  .020 i
1]
L2 : Diameter of Wallpoint . _Z‘SZiin
1
'
H
t
1
: Depth of Battom of Welpoint 15.00,
1
L3 , Sitt Trap
T O - :-1— Depth of Bottom of Borehole _2%
{Depths refer to ground surface)
Tip Material: Steel ~ Stainless Stee@ Other: i
5.18 £+ 9, 84 o+ =.zZ2 # = /8.30 ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length '

File:I:\5518\docs\WorkPlan\wellinst.doc




Project: _ 5518 Direct Push Monitoring Point Assessment Observation Well: DPw~-8ioZ wack 4

City/State: _ Hanscom AFB Bedford, MA cPTID: _CPT-BIoZ2-MW
Client: _Armstrong Laboratories, Tyndall AFB, ALUEQA ______  Installation Date: _o/-/0-9%
Crew Chief: Location: _S7= 2
ARA File No.: 5/0 3 F/0.DAT
Ground El.
Type of Protective Cover/Lock
El. Datum Depth of Top of Roadway Box below
Ground Surface —_—ht
> Depth of Top of Riser Pipe below
SIINTL TN A Ground Surface —_—
Comments: & [ . Type of Protactive Casing:
: 3 Length —_—t
Inside Diameter —ift
: € Depth of Bottom of Roadway Box —_—
! . Seals:
: : Type Depth to Thickness
1 1 Top (f) (1)
v ED
H ]
Lt
[ 1]
1 3
i 1]
1 1
1 1]
1 i
, - Type of Riser Pipe: Schedule 80 PVC, Timco
] 1]
! : Inside Diameter of Riser Pipe 1913 .,
1 s .
E z Type of Backfil around Riser
] t
' :1— Diameter of Largest CPT Expander . _.Zi.Jn
1 1]
i
1 t 4
=+ ! +— Depth of Top of Wellpoint .i@_n
] 1
! L Type of Point or Mamutacturer:  Schedule 80 PVC, Timco
1] 1 .
' ! Screen Gauge or Size of Openings _Q.MD_m
] ]
L2 ' E Diameter of Waellpoint _.ZéZijn
]
N B
1 1
] 1
] ]
- ! —— Depth of Bottom of Welpoint .12
1 ]
L3  Fie—sitTrap YE'S IM
T Leoe :1— Depth of Bottom of Borehole &3&&
(Depths refer to ground surtace)
Tip Material: Steel  Stainless Stee@ Other:
Y. 28 £+ 2.84 ft o+ =.28 = /74O ft
Riser length (L1) Screen length (L.2) Length of silt trap (L3) Total length

File:I:\5518\docs\WorkPlan\wellinst.doc




CPT WELL INSTALLATION REPORT

Project: _ 5518 Direct Push Monitoring Point Assessment Observation Well: DPw - OW2-7

City/State: _ Hanscom AFB Bedford, MA CPTID: _¢PT-0wW2-7

Client: _Armstrong Laboratories, Tyndall AFB, ALUJEQA ' Installation Date: __I-/©0-F7

Crew Chief: Location: /7T 2

ARA File No.: </0J 709, mwJ)

Ground EL
Tvpe of Protective Cover/Lock
El. Datum /——
<— Depth of Top of Roadway Box below
Ground Surface —ft
T Depth of Top of Riser Pipe below
V7L N4 SN/ A : Ground Surface M +6.3>
Comments: | [ Tvpe of Protective Casing:
4 Length _—
Inside Diameter N ———ift
, € Depth of Bottom of Roadway Box P
: ,  Seals:
: : Type Depth to Thickness
1 : Top (#) ()
CEd
H ]
L1 : '
] 1
1 ]
1 1
3 ]
] ]
1 X 1
E 1
i |4 Tyoe of Riser Pice:  Schedule 80 PVC, Timco
[
i inside Diameter of Riser Pipe 1.913 .
1 1
1 I
' ! Type of Backfill around Riser
1 ]
: 51— Diameter of Largest CPT Expander _Z-L.in
v Ed
1 1]
1 )
< ! — Depth of Top of Wellpoint _,_g_,_g_sﬁ
1 ]
i e Tvpe of Point o Manutacturer: ~ Schedule 80 PVC, Timco
1 1] .
! ! Screen Gaugs or Size of Openings 0,020
t ]
L2 H E Diameter of Waellpoint 2375 i
]
N
1 ]
1L 44
7 2
X ! i— Depth of Bottom of Welpaint _Ln
B I & B
Sit T ‘
: : it Trap /M }/CS 2 ¢.0S
T + - - - 4— Depth of Bottom of Borehole —tt
{Depths refer to ground surface)
Tip Material: Steel  Stainless Steel @7 Other: .
[3-88 &% + _6.56 (2wmig . 328 /M)y = #
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length '

File-T\&SS1 \darc\WarkPlan\wallinet dar




CPT WELL INSTALLATION REPORT

Project: _ 5518 Direct Push Monitoring Point Assessment_________ Observation Well: DPL)- gwz-4
City/State: _ Hanscom AFB Bedford, MA CPTID: CPT-OWz-y
Client: _Armstrong Laboratories, Tyndall AFB, ALJEQA___Installation Date: _| ~10~97
Crew Chief: Location: .S1Té _Z
ARAFileNo.: S 103704, mw
Ground EL
Type of Protective Cover/Lock
El. Datum
Depth of Top of Roadway Box beiow
Ground Surface —_—tt
Depth of Top of Riser Pipe below "’;
77777 TN R Ground Surtace e +0 > ¢+
Commjents: r<— Type of Protective Casing:
Langth —t
Inside Diameter . T,
. ;€ Depth of Bottom of Roadway Box e ft
' ,  Seals:
X : Tyve Dephto  Theckness
1 1 Top (1) 1)
&
[ 1
L1 : !
1 ]
1 ]
1 ]
v
t X 1
i} de—— Type of Riser Pips:  Schedlule 80 PVC, Timco
} 1. ]
2 Inside Diameter of Riser Pipe _1.913
1] !
5 ; Type of Backfill around Riser
] 1
' 54—— Diameter of Largest CPT Expander _Z..Lin
]
-
i .
+ N — Depth of Top of Waelipoint Zz3.52,
) " 1 : .
+ Jle—Type of Point or Manutacturer:  Schedule 80 PVC, Timco
1 ' p .
! ' Screen Gauge or Sizs of Openings  0.020 in
] ]
L2 : E Diameter of Wellpoint _21125_1.1
o K
] ]
] ]
3 )
! +— Depth of Bottom of Waelpoint ..S_O_CZZ«
1 ]
B Fle—sinTao JM Yeo
)
T . - - - ¢— Depth of Bottomn of Borehole —_—ft
{Depths refer to ground surface)
Tip Material: Steel Stainless Steel Other:
23.5¢ t o+ 6.56 M 4 4+ 3.2% (Mg = 32,37 #
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length ’

File:I1:\5518\docs\WorkPlan\wellinst.doc
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CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment Observation Well: pPw -Mwz-5

City/State: _Hanscom AFB, Bedford, MA : CPTID: _epT-mw= -5
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: _2-1-97
Crew Chief: ___JpEL ®oRST Location: _s |72 2./

ARA File No.: 501F 711.9AT

Ground El.

/— Type of Protective Cover/Lock
El. Datum <«— Depth of Top of Roadway Box below
Ground Surface —_—f
< Depth of Top of Riser Pipe betow
SIINS V277 N Ground Surface &
Comments: l¢— Type of Protective Casing:
Length —_—
Inside Diameter ——eeein
1 1€ Depth of Bottom of Roadway Box —_—t
] Seals:
Type Depth to Thickness
Top (f) ()
L1

[+ Type of Riser Pipe: Schd 80 PVC, Timco
Inside Diameter of Riser Pipe _1:_9_§_in

Type of Backfill around Riser

r¢— Diameter of Largest CPT Expander Lsg__in

Depth of Top of Wellpoint _t

Type of Point or Manufacturer: Schd 80 PVC, Timco
Screen Gauge or Size of Openings .Q'_Q_Z_Q__in

L2 Diameter of Wellpoint __zﬁz_s_in
X Depth of Bottom of Wellpoint 205 4 7Zo0%
L3 Silt Trap rJ 0
T L « - < 1g— Depth o@r DMY _—.ZO"’ ft
(Depths refer to ground surface)
Tip Material: Steel (Stainless Stee]) Nylon Other:
o+ 3m) A+ o ff = ft

Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment

City/State: _Hanscom AFB, Bedford, MA

Observation Well: -DpPW-ML¥z-3

CPTID: CPT-wz~-3

Client: _Armstrong Laboratories, Tyndall AFB, ALIEQA

Crew Chief. Sk AcA/ FICKER

Installation Date: |-31-971

Location: S 1T =2

ARA File No.:

Ground EL
/— Type of Protective Cover/Lock
El. Datum <— Depth of Top of Roadway Box below
Ground Surface ft
< Depth of Top of Riser Pipe below
TITNTT SN A Ground Surface a
Comments: | e Type of Protective Casing:
Length —_—t
Inside Diameter —in
| Depth of Bottom of Roadway Box ft
Seals:
Type Depth to Thickness
Top (ft) ()
L1

T ATICIRATED REAVSHL~

10 pg x o, To ExPu @
Wi ovlY 7 ScAEEM X
Saneny WERE VIED.

sl L2

Tip Material: Steel

Stainless Steel

| [« Type of Riser Pipe: Schd 80 PVC, Timco

' Inside Diameter of Riser Pipe 1.93
]
' Type of Backfill around Riser .
]
]
.| re— Diameter of Largest CPT Expander .2_'50__in
Depth of Top of Weltpoint - ft

— Type of Point or Manufacturer: Schd 80 PVC, Timco

Screen Gauge or Size of Openings _0'0_20_._5“
Diameter of Wellpoint 2.375 in
Depth of Bottom of Wellpoint ﬁﬂ
Silt Trap N()
t = - - g— Depth 0 or DMY ._____Zl‘5 ft

(Depths refer to ground surface)

Nylon Other:

2

ft +

ft o+ ft = ft

Riser length (L1)

Length of silt trap (L3) Total length

Screen length (L2)




CPT WELL INSTALLATION REPORT

Project. _5518 Direct Push Monitoring Point Assessment Observation Well: DPL - 842

City/State: _Hanscom AFB, Bedford, MA : CPTID: CPT-84L
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: _/~31-27
Crew Chief. __ SHawr R/IckER Location: _S 7€ &1/

ARA File No.: 2313712+ DAT

Ground El

/— Type of Protective Cover/Lock
El. Datum «— Depth of Top of Roadway Box below
Ground Surface _—f
i Depth of Top of Riser Pipe below
T77R77 77777 1 Ground Surface "
Comments: i l¢— Type of Protective Casing:
Length R
Inside Diameter —_in
. .4-— Depth of Bottom of Roadway Box —_—t
' ! Seals:
: : Type Depth to Thickness
] : Top (ft) {ft)
el
] 41
Lt
1 ]
] 1
1 )
1 1
1 1
I
)
E 4:—'— Type of Riser Pipe: Schd 80 PVC, Timco
% Inside Diameter of Riser Pipe ﬂ_é’__an
) | ]
: E Type of Backfill around Riser
. .
1 : 1 .
i || ve— Diameter of Largest CPT Expander 250 i
:
'
1
-}[— ' Depth of Top of Wellpoint -t
] .
' Type of Point or Manufacturer: Schd 80 PVC, Timco
1
' Screen Gauge or Size of Openings Miﬂ
1]
L2 : Diameter of Wellpoint 2.375 in
l
|
1
i
x Depth of Bottom of Wellpoint _\S & 150 Seup
L3 ) BerTom
. SitTrap  No
F LT -t Depth LCPPor oMY Ay
(Depths refer to ground surface)
Tip Material: Steel Stainless Steel Other:
£+ am) & -+ @) g = f

Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment Observation Well: ,QFN -84/
City/State: _Hanscom AFB, Bedford, MA __ CPTID: _pPolT- £41
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: _/-3/-73
Crew Chief: __ SHAWHN RICKEX Location: _ S/ T& 2/

ARAFileNo.: 2313705, DAT™

Ground El

/— Type of Protective Cover/Lock
El. Datum <«— Depth of Top of Roadway Box below
Ground Surface ——ft
Depth of Top of Riser Pipe below
777577 777 & - Ground Surface f
Comments: ) l«— Type of Protective Casing:
‘ Length _
Inside Diameter ) J—
. T« Depth of Botton of Roadway Box —_—tt
Vi Seals:
, : Type Depthto  Thickness
1 1 Top (ft) ()
VL
1 ]
Lo
i 1
] 1
1 1
' ]
] !
] = 1
S
| 4:—— Type of Riser Pipe: Schd 80 PVC, Timco
i
' ! Inside Diameter of Riser Pipe 1.93  w
1 )
: i Type of Backfill around Riser
: .
] t
' r€— Diameter of Largest CPT Expander 250
]
I
]
= ! Depth of Top of Wellpaint —
1
: Type of Point or Manufacturer: Schd 80 PVC, Timco
] . . .
: Screen Gauge or Size of Openings ._Q'.Qgg__in
1
:
1
i
)
1
1]
;
1
[
1
1
]

L2 Diameter of Wellpoint 2.375 in
Depth of Bottom of Wellpoint .__I_.S_f: 48 sy
L3 Silt Trap N 0 _
T L~ = - kg— Depth o{mr DMY __Z__z_ﬁ
(Depths refer to ground surface)
Tip Material: Steel (Stainless Steel} Nylon Other:
o+ 3IMY & o+ ft =

Riser length (L1) Screen length (L2) Length of siit trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment,

City/State: _Hanscom AFB, Bedford, MA

Observation Well: DPu - YO

CPTID: _ceT- #4°

Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA

Installation Date: [~ 31-87

Crew Chief: __ SkmwN RICKEIL Location: _SmE 2!
ARAFileNo.: __331J705,DAT
Ground EIl.
/— Type of Protective Cover/Lock
El Datum «— Depth of Top of Roadway Box below
Ground Surface bt
« Depth of Top of Riser Pipe below
V2174 V727 Ground Surface a
Comments: le— Type of Protective Casing:
Length ft
inside Diameter in
X [ Depth of Bottom of Roadway Box #
Y11 Seals: '
: : Type Depthto  Thickness
1 1 Top (ft) (ft)
'
o FT
H 1
L1 1 3
] 1
B 1] 1
t 1
1 )
! 1
1 1]
t ¥y
=i
b 41‘—" Type of Riser Pipe: Schd 80 PVC, Timco
M ¥
. Inside Diameter of Riser Pipe 1.93
1 ]
‘ : Type of Backfill around Riser
1 t
1 . ]
i [f] t€— Diameter of Largest CPT Expander 250 ;,
L
1
t
—x— : Depth of Top of Wellpoint __z_ft
1
' Type of Point or Manufacturer: Schd 80 PVC, Timco
1
! Screen Gauge or Size of Openings 0._02_Q__in
]
L2 : Diameter of Wellpoint 2.375 in
"
]
]
i
)
! Depth of Bottom of Wellpoint _l_ﬂ__ﬁ le o Uik
1
L3 : Sit Trap NO
T b t— Depth ofé%or DM—Y\ _.___.._‘ q ft

Tip Material: Steel (Stainless Steel) Nylon

 (Depths refer to ground surface)

Other:

+ +

ft 3 ) ft

NongE ¢

Riser length (L1) Screen length (L2)

Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment

Observation Well: DPw - MWz -25

City/State: _Hanscom AFB, Bedford, MA CPTID: CPT-MmMwE=-25

Client: _Armstrong Laboratories, Tyndall AFB, AL/JEQA Installation Date: _/-3/-97

Crew Chief:  JH4wN ARICKER Location: Jv7& 2

ARA File No.: 33/ 704

Ground EI
/— Type of Protective Cover/Lock
El. Datum Depth of Top of Roadway Box below
Ground Surface S
< Depth of Top of Riser Pipe below
YZZ2 274 IS A Ground Surface &
Comments: 1| le— Type of Protective Casing:
Length —_——
Inside Diameter —_in
. -« Depth of Bottom of Roadway Box ft
: Seals:
: : Type Depth to Thickness
h 1 Top (ft) (ft)
i X
1 1
Lo
I B 1
t ]
] i
! t
1 ]
' i
i
. 41"—— Type of Riser Pipe: Schd 80 PVC, Timco
VI
A Inside Diameter of Riser Pipe _1_-_913__in
1 1
: E Type of Backfill around Riser
1
1 1
: & :1— Diameter of Largest CPT Expander ﬂ_m
e
1 ]
t t
<~ ! Q< Depth of Top of Wellpoint —_—tt
1 ]
: : Type of Point or Manufacturer: Schd 80 PVC, Timco
1 ]
! ' Screen Gauge or Size of Openings Min
1 ]
L2 : : Diameter of Wellpoint 2.375 in
N K
1 t
i 1
1 [}
1 ] N -
X ! : Depth of Bottom of Wellpoint /_S‘ih 15.9
1 ]
L3 N —— SittTrap M0
1 ]

T t - - - «¢— Depth ofCPT@ 20 0n

[4
0 153 LGS
<hT 7 (Depths refer to ground surface)

Tip Material: Steel ' Nylon Other:

ft + 3/”) ft + 0 ft =

Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project. _5518 Direct Push Monitoring Point Assessment Observation Well: _DPwW=-MwW2Z-¢

City/State: _Hanscom AFB, Bedford, MA : CPTID: CFT-pMwe - R
Client: _Armstrong Laboratories, Tyndall AFB, AL/IEQA Installation Date: | -30-97
Crew Chief: _((ewn) RACKER Location: s rme 21

ARA File No.: 3209710 1MW

Ground El.

/—— Type of Protective Cover/Lock
El. Datum Depth of Top of Roadway Box below
Ground Surface —h
< Depth of Top of Riser Pipe below
777577 777577k Ground Surface "
Comments: | e Type of Protective Casing:
. Length —_—
Inside Diameter —_—in
. - Depth of Bottom of Roadway Box ft
! \  Seals:
! : Type Depthto  Thickness
' ' Top (ft) (ft)
1
C R
¥ = ]
L1 Y
1 ]
1 I
] )
I 1
1 H
] ]
N 1
o < Type of Riser Pipe: Schd 80 PVC, Timco
[ P
VET Inside Diameter of Riser Pipe lgi__in
1 ]
I Type of Backfill around Riser
] )
TN
: - r€— Diameter of Largest CPT Expander _zio__in
CET
] 1
] 1
—x— , : Depth of Top of Wellpoint —
1 ) i
' r Type of Point or Manufacturer. Schd 80 PVC, Timco
§ 1
: : Screen Gauge or Size of Openings &on_in
l_2 1 1
, : Diameter of Wellpoint 2.375 in
' '
1 ]
1 I
1 ]
] ] /; r-’
X B Deptn of Bottom of Wellpoint _20 . ZO ;’
' ' BT
L3 ! —SitTrap  NQ :
& LT i« Depth of CPT or DMY __é}_x,_&_ﬂ -

{Depths refer to ground surface)

Tip Material: Steel (Stainless Steel) Nylon Other:

ft  + 3w A+ 0 ft = ft

Riser length (L1) Screen length (L2) Length of silt trap (L3) Total iength




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment Observation Well: DPwW -~ mw -9

City/State: _Hanscom AFB, Bedford, MA : CPTID: CPT- MWZ -1 9
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: _\-30-97
Crew Chief: _SyawnN RickER Location: _StTe 2|

ARA File No.: 3507706 . 1)

Lrp ok M

Ground El.

/— Type of Protective Cover/Lock
El. Datum Depth of Top of Roadway Box below
Ground Surface N
€ Depth of Top of Riser Pipe below
77777 VN Ground Surtace “
Comments: ) | e~ Type of Protective Casing:
Length U |
Inside Diameter —in
'€~ Depth of Bottom of Roadway Box —_—n
Seals:
Type Depth to Thickness
Top {ft) (ft)
L1

e Type of Riser Pipe: Schd 80 PVC, Timco
Inside Diameter of Riser Pipe _1-L_in

Type of Backfill around Riser

| &— Diameter of Largest CPT Expander 2.50

Depth of Top of Wellpoint I

Type of Point or Manufacturer: Schd 80 PVC, Timco
Screen Gauge or Size of Openings Q'.Qgg._in

L2 Diameter of Wellpoint 2.375 in
X Depth of Bottom of Wellpoint _‘ﬂﬂ ! 4.7 M Iud
L3 NeTTY M
SitTrap - Np
LT ie— Depth of CFor DMY (5.2,
(Depths refer to ground surface)
Tip Material: Steel Stainless Steel Other:
ft o+ dm | Wi+ @) # = f

Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment

City/State: _Hanscom AFB, Bedford, MA

Observation Well: DPW-R1079

CPTID: CPT - 3109

Client: _An’nstrong Laboratories, Tyndall AFB, AL/EQA
Crew Chief: §zAn _ Parearavpe

Installation Date: 12-2(~96

Location: S17€ 2 AR FIELD

ARA File No.:
Ground El.
/— Type of Protective Cover/Lock
El. Datum <— Depth of Top of Roadway Box below
Ground Surface — 1t
N Depth of Top of Riser Pipe below N L
77577 HINT A Ground Surface # +0:-25
Comments: [— Type of Protective Casing:
Length et
Inside Diameter in
«— Depth of Bottom of Roadway Box ft
Seals:
Type Depth to Thickness
Top () ft)
L1
— Type of Riser Pipe: Schd 80 PVC, Timco
'
! ' " Inside Diameter of Riser Pipe 193
] 1
1
' ' Type of Backfill around Riser
t
' ' .
: :<— Diameter of Largest CPT Expander _&_5.2__"1
o
1 '
1 1
> — Depth of Top of Wellpoint 53.7 4
1 '
' . Type of Point or Manufacturer: Schd 80 PVC, Timco
1 )
! : Screen Gauge or Size of Openings Mgg__in
1 ]
L2 : X Diameter of Wellpoint 2.375 in
. B
¥ )
t )
1 '
) ! €5 A
X : Depth of Bottom of Wellpoint T2 n
L3 ! ' .
! —sitTrap AN E DMV PVSH
— '
4 C e e— Depth of Bottom of Borehole _6‘1__‘0_"1 :
J (Depths refer to ground surface)
Tip Material: O Steel ¥ Stainless Steel T Nylon C Other: (o)
S9.92 & 3,281 (I &+ O #t = _63.2

Riser length (L1) _Screen length (L2) Length of silt trap (L3) Total length




DRAFT

CPT WELL INSTALLATION REPORT

Project:_55 (2 _ Observation Well: DPW~-REw-[1

City/State: _L]ANScOM FIELD CPTID: ¢PT-RFW-11

Client: installation Date: /2-/8-96
AODE .

Crew Chief: SEAN  Parenabet, MALCK W ipinaer Location: STz 2

ARA File No.: S18D610. Mmw

Ground EI. i
/— Type of Protective Cover/Lock
El. Datum Depth of Top of Roadway Box below
Ground Surface —_—t
g Depth of Top of Riser Pipe below
777 7777 ¥ B Ground Surface t 7"0-[‘{!}
Comments: le— Type of Protective Casing:
Length ——t
Inside Diameter SN _
€~ Depth of Bottom of Roadway Box . 1t
1 Seals:
: Type Depthto  Thickness
! Top (ft) )
1
)
1
L1 ! ;
1]
] 1)
1 i
1 i
] ]
] t
1
v fle— Type of Riser Pipe: SCHN 1D 80 PUC
' t
! Inside Diameter of Riser Pipe .93 in
1
: Type of Backdill around Riser
]
re—— Diameter of Largest CPT Expander i_._.in
1 . —_ -~
X 1 — Depth of Top of Wellpoint Led s
] . .
/ 2 ' Type of Point or Manufacturer:
* ]
s = : Screen Gauge or Size of Openings _Qgégin
B _
L2 % | Diameter of Wellpoint 2-373 jn
=
=
BB
= 1
=
=l«— Depth of Bottom of Welipoirt M
. .
L2 § +— Silt Trap YEs , 1 /'77 20.35 Rorrone
—_ " -
T Ce-e :<— Depth of Bottom of Borehole _Z."_Uﬂ‘ - of 3T rkA?
Derw
(Depths refer to ground surface) cF Oomy
) - -
TIP MATERIAL NYION 2.5, AL
ft + 3m 9.84 # + Ilm 3w # = ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length
File:A\\WORKPLAN.DOC Draft Printed 12/17/96

Page A-3




DRAFT

CPT WELL INSTALLATION REPORT

Project__ 5518

Observation Well: DPI-810F

City/State: _(N AAISLOWN AT . MA

CPTID: CPT-RB-/OF

Client: AL{,’E RA

Installation Date; /Z //‘)/9 &

Crew Chief: _S#H4u¥ 7,27&'”/4006.

Location: FaMCamD

Ground EL

El. Datum

ARA File No.: _5/9 Dlo0H. MW

/— Type of Protective Cover/Lock

TITTNI7 NS A

Comments:

TIP:s NMVYLDW

<«— Depth of Top of Roadway Box below i
Ground Surface —_—tt 4 5

=N Depth of Top of Riser Pipe below

Ground Surface ft

le— Type of Protective Casing:

Length St
inside Diameter —_—n
I‘— Depth of Bottom of Roadway Box —_—t
Seals:
Type Depth to Thickness
Top (ft) )

+—— Type of Riser Pipe:

Inside Diameter of Riser Pipe ﬁé_in

Type of Backfill around Riser

r«— Diameter of Largest CPT Expander ia__in
Depth of Top of Wellpoint _‘_/_—_&n

Type of Point‘ or Manufacturer:
Screen Gauge or Size of Openings O_‘OLDJn

Diameter of Welipoint ﬁi_in

Depth of Bottom of Wellpoint l L‘ OZ n
SitTrap YYES Im |m

- 1¢— Depth of Bottom of éorehole .LZ_S_J

(Depths refer to ground surface)

1
1
1
1
[}
1
1

4,18 t# + 924 (3l + 528 (Im\t = /23
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length
File: A\WORKPLAN.DOC Draft Printed 12/17/96
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DRAFT

CPT WELL INSTALLATION REPORT

Observation Well: l EPIAZ- BQE 2-27

cPTID: CPT-RAP-2T

Installation Date: )2 -20-96

Project:___ 5% 18
City/State: JJANScom AEH, MA
Client: __A L‘/E 48 -

Crew Chief: S EAns PATENMAVNE

Location: _S1TE Z

ARA File No.: 520D 60} MW

Ground El .
/—— Type of Protective Cover/Lock
El. Datum Depth of Top of Roadway Box below
: Ground Surface —_—t
< Depth of Top of Riser Pipe beiow
7N AN A Ground Surface ft
Comments: le— Type of Protective Casing:
Length —t
CAS inG "% Qr01L€'\) Q v inside Diameter —in
) <— Depth of Bottom of Roadway Box —t
Fuowo T YAD,Jus T o Y
— eals:
a SLVRFACE
/5 et 0 AC b Type Depth o Thickness
5 .5 u‘ w Top (ft) ()
L1
- J«— Type of Riser Pipe: 5 (1] D %0 PYC f(V\/\-Ca
x ]
: Inside Diameter of Riser Pipe ..,.‘_9_3_Jn
Ll
E Type of Backfill around Riser
. 2.5
r4— Diameter of Largest CPT Expander n
Depth of Top of Wellpoint M

»le
[

L2
L3
—T—

TIP MRT, &%
S &, 64

Type of Point or Manufacturer: $ &H D g0 P\/L TIWALD

I e e e

Screen Gauge or Size of Openings QMJH
Diameter of Welipoint 2 . 3 75 jn
= &3.1
= Depth of Bottom of Wellpoint —
§ Sitt Trap V4 é 2
- - - we— Depth of Bottom of Borehole __3_;_!!

{Depths refer to ground surface)

)

Fr—2% ft o+

£.56 (2nm\ 1 + O & =

3.1 i

Riser length (L1)

Screen iength (L2)

Length of silt trap (L3) Total length

File:A:\WORKPLAN.DOC

Draft Printed 12/17/96
Page A-3




DRAFT

CPT WELL INSTALLATION REPORT

Project:___ S5 1

Observation Well: DPW-R 105

City/State: _H priscon AER. MA

CPTID: CPT-DIOS

Client: __AL/ERA

Installation Date:12-2.0 - 96

Crew Chief: S EAN RATE AL AUDE

Location: <, TZ 2 AIR FIELD

ARA File No.:

Ground El. v
/— Type of Protective Cover/Lock
El. Datum X __«— Depth of Top of Roadway Box below
Ground Surface 7t
—7 % Depth of Top of Riser Pipe below
7 /N7 A Ground Surface 7 =+ O ,3
Comments: [— Type of Protective Casing: SRR —ALL Thiisep
Length ——Tt
Inside Diameter —_—n
,%— Depth of Bottom of Roadway Box st
1 Seals:
: Type Depthto  Thickness
I Top (1) ]
‘
1
L1 !
t
]
1
]
I
4:—Type of RiserPipe: SCHD 80 AU TIMCLO
¥
: Inside Diameter of Riser Pipe ..l___’ i3 —in
]
; Type of Backfill around Riser
i -5
r¢— Diameter of Largest CPT Expander ———in
v d2s .01
< Depth of Top of Wellpoint ——t
Type of Point or Manufacturer: SCH O 80 PVCL Timco
Screen Gauge or Size of Openings Q.:.ngm
L2 Diameter of Wellpoint 2-375 in
++p- 13.85
J’ — Depth of Bottomn of Wellpoint LR )
L3 § Silt Trap VE S Im |
- Vs
T ¢ - - - ¢— Depth of Bottom of Borehole _l;séﬂ By PUSY
{Depths refer to ground surface)
TP NVYLON
: P . E) E
4.0t o+ 9.89 (.\ 1 + 32281 (Im\ &t = [7-13 ft
Riser length (L1) Screen length {L2) Length of silt trap (L3) Total iength
File: A:\WORKPLAN.DOC Draft Printed 12/17/96
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DRAFT

CPT WELL INSTALLATION REPORT

Project: _S5 I1&

Observation Well: DPLO-RAP2-25

City/State: _[JAn<¢onA AFD ~ MA

CPTID: _CPT-RAP2-25

Client: AUEQRA

Installation Date: !z! 19 ! &

Crew Chief: _SEAN_ DATENAUVDE Location: _HANSZom AFB SIVTE 2
ARA File No.: SI19D&10 . wAW
round El.
G E /—— Type of Protective Cover/Lock
El. Datum «— Depth of Top of Roadway Box below
Ground Surface —t
Depth of Top of Riser Pipe below “
77777 TN A Ground Surface n +7
Comments: le— Type of Protective Casing:
Length S
Inside Diameter RE——
- Depth of Bottom of Roadway Box —_—
Seals:
Type Depth 1o Thickness
Top (ft) ()
L1

»le
>e

L2
L3
T

TP L UYLowW

le—— Type of Riser Pipe: S <190 80 PV <&

]

' inside Diameter of Riser Pipe Q_Jn
)

1

: Type of Backfill around Riser

] -

| . - 5 .
r¢— Diameter of Largest CPT Expander —int

2.795, 0.9m

Type of Point or Manufacturer: S KD 85 PVL Tiwae

Depth of Top of Wellpoint

Screen Gauge or Size of Openings £.020;,
Diameter of Wellpoint Q_—’_S__jn

1956 5 9.,

1
H
t
1
1
I
!
1
1
1
1
1
[l
1
1
1
i
1
[}
1
1
[
i
|
O
$

= Depth of Bottom of Wellpoint faakia i
g Silt Trap YES Ina 272. 720 YV\) 6 . 9 ~
+ - -~ - ¢— Depth of Bottom of Borehoie E"._________,, >3 71 '

(Depths refer to ground surface)

@.295 & + '6"1

o+ (UmY gt = ft

Riser length (L1)

Screen length (L2)

Length of siit trap (L3) Total length

File: A\WORKPLAN.DOC

Draft Printed 12/17/96
Page A-3




DRAFT

CPT WELL INSTALLATION REPORT

Project:_SS 1§ ____ Observation Well: DPl)-RAD2-4<
City/State: _|-HAnscom  Eizen  MA CPT ID: _C 2T RAP7-45

client:_ NYEQA  Cueie Riarcu: Installation Date: _s 2 /78/9¢

Crew Chief: _SEAN_ D ATeNEAL) Location: _S/T& 2.

ARA File No.: S D 0. MW

Ground El. /—— Type of Protective Cover/Lock
El. Datum «— Depth of Top of Roadway Box below
Ground Surface st
TS Depth of Top of Riser Pipe below T
7 TN A Ground Surface n + é ax /(A .
10
Comments: l«— Type of Protective Casing: frsta “L]‘“
Length —dt
Inside Diameter —_—in
,%— Depth of Bottom of Roadway Box —
Seals:
Type Depth to Thickness
Top (f) ()
L1

i«— Type of Riser Pipe: S C LD 33 PV C
inside Diameter of Riser Pipe 1.G25 in

Type of Backfill around Riser

7.
r«— Diameter of Largest CPT Expander “_S_in
Q
—x— Depth of Top of Welipoint ‘ Mﬂ

Type of Point or Manufacturer: ScND (530) 0[/(_ TinAc
Screen Gauge or Size of Openings Q;O_Zﬁin

L2 Diameter of Wellpoint Mn onlen
l . 24.6
= Depth of Bottom of Welipoint —t
- e .
L3 § Silt Trap ———FT NO SumP
T t « - ~ = Depth of Bottom of Borehole ._2_8.'__0_11

(Depths refer to ground surface)

Tip Mzl Nylon 2.5 14ck

492 (5N o+ 19.69 (%) & + (o) & = 2961 ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length
File-:A:\WORKPLAN.DOC Draft Printed 12/17/96
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DRAFT

CPT WELL INSTALLATION REPORT

Project:_S5 1% _ Observation Well: C\w/-(oH-0OP
City/State: HLANSCOM  Ziztny  MA CPTID: 223 - Cw-0H
Client: AL_/EQA Installation Date: 12 -11-96
Crew Chief: _SEant Rickgt Location: AR FIEd ST
ARA File No.:
Ground El. .
/—— Type of Protective Cover/Lock
El. Datum <«— Depth of Top of Roadway Box below
Ground Surface —t
Depth of Top of Riser Pipe below
,// N INYS A Ground Surface #®
Comments: le— Type of Protective Casing:
: Length —_—tt
Inside Diameter —_—in ‘
_[ . , 14- Depth of Bottom of Roadway Box —_—t
/ ) ] Seals:
/(.)L/ / Maieala ( Type Depthto  Thickness
Top () (f)

Cricsleel ot ol
3/ F% 4??—/ -0 7(/ W L
Svrface . oo

ot 15 54

2 _ .
2 Screewn afic}/um_{
/.

Y

H—— Type of Riser Pipe: SO 50 PVC

: Inside Diameter of Riser Pipe in

Type of Backfill around Riser

~

L/’

rises SCcf/a};_g

re— Diameter of Largest CPT Expander g_g_._i

Depth of Top of Wellpoint ’V_/ig_ﬁ

Type of Point or Manufacturer:
Screen Gauge or Size of Openings O._OZD__,H

L2 Diameter of Wellpoint — N
X =<;— Depth of Bottom of Wellpoint ~ __/_:_D_n
L3 § +— Silt Trap
T b-m - :<— Depth of Bottorn of Borehole _25—03‘!
- . (Depths refer to ground surface)
Tlp ‘ oy t * $5 25 [,'t’\L(_,\
~2 £ & + _2.89 (3\ & -+ o fo= R
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length
File:;A:\WORKPLAN.DOC Draft Printed 12/17/96
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CPT WELL INSTALLATION REPORT

Project: _ 5518 Direct Push Monitoring Point Assessment Observation Well: pPuw-RAP2-3 S
City/State: _ Hanscom AFB Bedford, MA CPTID: CfT-FrPz-2¢

Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA | Installation Date: _[- 02-97

Crew Chief: Location: ST 2

ARA File No.: <093 709, mw

Ground EL
Tvpe of Protective Cover/Lock
El. Datum /—
Depth of Top of Roadway Box below
Ground Surface —_—h
Depth of Top of Riser Pipe below
77777 777N & Ground Surface e
Comments: e— Type of Protective Casing:
g Length —t
Inside Diameter . —ifl
. ;& Depth of Bottom of Roadway Box ft
VE] L Seals:
: : Type Depth to Thicxness
l : Top (f) (t1)
' '
] ]
L1 : !
1 1
1 ]
H )
[ I
] 1
v Ed o
: 1-:—— Type of Riser Pipe: Schedule 80 PVC, Timco
[ = S :
! : Inside Diameter of Riser Pipe 1913 .,
1 ¥
1]
E : Type of Backfil around Riser
] t I
: 1'4— Diameter of Largest CPT Expander _ZI.Lin
1]
v B
] X !
1] L} —
= | ¥ Depth of Top of Welipoint Qo «
] . .
H Type of Point or Manufacturer:  Schedule 80 PVC, Timco
1 .
! Screen Gauge or Size of Openings 0020 i
)
L2 H Diameter of Wellpoint _2..325_an
'
]
'
1
L -
- ! Depth of Bottomn of Welpoint Zj:_fz_n
L3 :
: Sitt Trap /g, Jm
' 1 75
T & - - - W&— Depth of Bottom of Borghole o
(Depths refer to ground surface)
Tip Material: Steel Stainless Steel Other:
075 & + __FX3IZR & 4+ 3.28 & = Z£6.99
Riser length (L1) Screen length (1.2) Length of silt trap (L3) Total length

File:1:\5518\docs\WorkPlan\wellinst.doc




CPT WELL INSTALLATION REPORT

Project: _ 5518 Direct Push Monitoring Point Assessment________ Observation Well: DPw-RAP1 - S
City/State: _ Hanscom AFB Bedford, MA CPTID: _CPT-RAPI-LS
Client: _Armstrong Laboratories, Tyndall AFB, ALJEQA ______  Installation Date: _| - ¢-9 7
Crew Chief: Location: &R SIiTE | AIRFIELD
ARA File No.: 5c937C €. mw)
Ground El.
,— Type of Protective Cover/Lock
El. Datum <— Depth of Top of Roadway Box below
Ground Surface —_—ft
T TSR 2::3; :fs‘{l:c;; :; Riser Pipe below
Comm:ents: f§ l¢— Type of Protective Casing:
Length —_
ka Inside Diameter . —_—in
X ;€ Depth of Bottom of Roadway Box —_——ft
VB seas:
: & : Type Depth to Thickness
N Teo (1) ()
1 Ed
1 ;_' !
Lt
1 ‘31!
1 1
1 B4 1
i b E
+ | de— Type of Riser Pipe:  Schedule 80 PVC, Timco
[ = I
! 3 : Inside Diameter of Riser Pipe 1.913 .
I 1
E E Type of Backfil around Riser
t 4 !
: : :1— Diameter of Largest CPT Expander _255__in
1 '
s
P ¥qt
-5 | J€—— Depth of Top of Wellpoint _
1 1
H : Type of Point or Mamufacturer:  Schedule 80 PVC, Timco
1 t
! ! Screen Gauge or Size of Openings —0.020 in
1 [}
L E Diamster of Wellipoint 2.375 in
' ; :
X '
A ¥ -
- ! +— Depth of Bottom of Welpaint 290
] ]
B He—stte yes 1M
1
T Le-- ¢ Depth of Bottom of Borehole _L&&n
(Depths refer to ground surface)
Tip Material: Steel Stainless Steel t.her. —_— .
/-7 ft o+ |32 ft o+ 3.2€ ft = [ 7.8 ft
Riser length (L1) Screen length (L2) Length of silt trap. (L3) Total length '

File:I:\5518\docs\WorkPlan\wellinst.doc
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CPT WELL INSTALLATION REPORT

Project: _ 5518 Direct Push Monitoring Point Assessment Observation Well: DPw - B/3¢

City/State: _ Hanscom AFB Bedford, MA CPTID: _(PT-5i30
Client: _Armstrong Laboratories, Tyndall AFB,ALUEQA ____  Installation Date: /-9-97
Crew Chief: __ \J A2ua) RICKEJR Location: S/7E 2 AIRFIELD
ARA File No.: $0977C3, M
Ground EL
Tvpe of Protective Cover/Lock
El. Datum —[1—— Depth of Top of Roadway Box below 1S
Ground Surface —_—ft
Depth of Top of Riser Pipe below 2.8"
IIINY TN A Ground Surface —t
Comm:ents: t¢— Type of Protective Casing:
: Length —_—
Inside Diameter . —ifl
h € Depth of Bottom of Roadway Box —ft
VE] D seass:
: : Type Desth 10 Thickness
1 : Too (ft) (f)
X '
1 t
b H
] 1
1 ]
1 [}
' :
1 1
+ |4 Tvoe of Riser Pipe:  Schedule 80 PVC, Timco
i Inside Diameter of Riser Pipe 1.913
1 ! ]
E E E Type of Backfill around Riser
1 F3
, i :‘— Diameter of Largest CPT Expander _Z.i__in
] ¥
t
t
-}f— ! Depth of Top of Wellpoint —_—t
] . .
: Type of Point or Manufacturer:  Schedule 80 PVC, Timco
1 . .
v Screen Gauge or Size of Openings %020 in
]
L2 ' Diameter of Waellpoint 2.375 in
]
1
: ) 392
- ! Depth of Bottom of Welpoint
L3 :
: SitTrap  YEd 1M .
T . - - = Wt~ Depth of Bottom of Borehole M_n
(Depths refer to ground surface)
Tip Material: Steel Stainless Steel (NylonY, Other:
408 t o+ 9.84 o+ 3,28 ft = 172 ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length

File:I:\5518\docs\WorkPlan\wellinst.doc




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment Observation Well: _Dw f-0owZ-Z
City/State: _Hanscom AFB, Bedford, MA CPTID: _CPT-owZ-2
Client: _Armstrong Laboratories, Tyndall AFB, ALJEQA Installation Date: __/Z2/ZZ/ 96
Crew Chief: _SHAwN FATEnAUDE Location: <, =2 AwFeD
ARA File No.: jééDé‘z;: . QA-T
Ground El.
/—- Type of Protective Cover/Lock
El. Datum <— Depth of Top of Roadway Box below
Ground Surface —_f
B Depth of Top of Riser Pipe below
Y2774 LI/ A Ground Surface ®
Comments: t«— Type of Protective Casing:
Length —_—Tt
Inside Diameter . N
%— Depth of Bottom of Roadway Box —_—
! Seals:
: Type Depth to Thickness
i Top (f) ()
.
1
L1 B
1
Ll
1
]
]
o '
o
*}'—‘ Type of Riser Pipe: Schd 80 PVC, Timco
: Inside Diameter of Riser Pipe 1.93
t
E Type of Backfill around Riser
\ .
. 'ﬂ— Diameter of Largest CPT Expander _.g_‘_i.o__in
VB
1 1
] i
X ! t— Depth of Top of Wellpoint —_—t ‘
5 1 H
H : Type of Point or Manufacturer: Schd 80 PVC, Timco + 4 i
; ' , ; ; 0.020 ;
! ! Screen Gauge or Size of Openings ~ —==£=_in
] ]
L2 : : Diameter of Welipoint 2.375 in
W
: :
t ]
] 1
: +— Depth of Bottom of Wellpoint _20.0 4
L3 : X
! +— Silt Trap Z3.¢
t ] f -
T . - :4— Depth of Bottom of Borehole _Z_g_'iﬂ -37
—
(Depths refer to ground surface) ZB o4

Tip Material: O Steel XStainless Steel Z Nylon = Other:

/6. H o+ [ A o+ /M =  BEEEZR.2TH
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment Observation Well: Dwp-ow2=/

City/State: _Hanscom AFB, Bedford, MA CPTID: _£PT7 —ouz=]
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: /2= 422[9 &)
Crew Chief: Location: _ S /72 AeFfelD
ARA File No.: _B2Z2D 60 /). DAT
Ground El.
/— Type of Protective Cover/Lock
El. Datum «— Depth of Top of Roadway Box below
Ground Surface I
¢ Depth of Top of Riser Pipe below
T77o77 /727724 Ground Surface t
Comments: le— Type of Protective Casing:
: Length —_—f
inside Diameter —_—in
, l<— Depth of Bottom of Roadway Box —_—f
! ,  Seals:
: : Type Depth to Thickness
' 1 Top (ft) {ft)
c B
1 ]
L1 ] ]
1 ]
I 1
t )
t 1
1 1
] ]
v OER
) o ]
! *Ir‘— Type of Riser Pipe: Schd 80 PVC, Timco
! = N Inside Diameter of Riser Pipe 1.93 i
[} 1
: I: Type of Backfill around Riser
1
1 2 L .
: r4— Diameter of Largest CPT Expander L50__m
.
] 1
! ] 1
—x— = Depth of Top of Wellpoint —_—
] ]
| ' Type of Point or Manufacturer: Schd 80 PVC, Timco
1 ] .
: : Screen Gauge or Size of Openings M_in
' ' ’
L2 : : Diameter of Wellpoint 2.375 in
. B )
1 ]
N B "
] ' - ," 4
- ——— Depth of Bottom of Welipoint ./_i.)_'.{_;_ft
¥ 1
L3 ¢ Eope—sitt Trap
T o i— Depth of Bottom of Borehole _L&_,_ZQ_& P é@
/
(Depths refer to ground surface) o-
Tip Material: O SteelﬁStainless Steel T Nvlon T Other:
/8al o /M £ /A = LReD /830

Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Dw
Project: _5518 Direct Push Monitoring Point Assessment Observation Well: RaP2-55
City/State: _Hanscom AFB, Bedford, MA CPT ID: - RaPz-
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: _ / Z/ 2/ /96
Crew Chief: _ SHAWN ATENAVDE Location: _<,7= &£
ARA File No.: _ 5210611, DAT
Ground El.
/— Type of Protective Cover/Lock
El. Datum <«— Depth of Top of Roadway Box below
Ground Surface —_—t "
jer i 125"
Depth of Top of Riser Pipe below -
K4 TNV A Ground Surface #
Comments: le— Type of Protective Casing:
: Length —_—t
Inside Diameter : —_—in
. = Depth of Bottom of Roadway Box -t
' | Seals:
: : Type Depth to Thickness
h ! Top (ft) ()
v E
] 1
R B
1 1
] 1
[} 1
] i
I 1
[ 3 I
3 1
E *:—- Type of Riser Pipe: Schd 80 PVC, Timco
b Inside Diameter of Riser Pipe _1_;23__in
1
E ' Type of Backfill around Riser
] 1 N
X r¢— Diameter of Largest CPT Expander ﬂ__in
i
1
] .
—}[— , Depth of Top of Wellpoint ._’._'_‘i_ft
i
H Type of Point or Manufacturer: Schd 80 PVC, Timco
t
! Screen Gauge or Size of Openings 0'_02Q_i"
: .
L2 ' Diameter of Wellpoint 2.375 in
\
i
1
1
1
- ! Degpth of Bottom of Welipoint L9430 )4.80
' 2
L3 ! sitTrap MO N
T - Depth of Bottom of Borehole _lgé.ﬁ 1.2

(Depths refer to ground surface)

Tip Material: U Steel O Stainless Steel Z/Nylon O Other:

1.98 ft o+ 4M ft o+ A ft = /4.60

ft

Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment Observation Well: DPw/ -EJOQ
City/State: _Hanscom AFB, Bedford, MA CPTID: £ PT-810lp
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: __/2/2//9¢
Crew Chief: SHAWN FiTwAvps Location: 3.7 2 ARFiErD
CPT ~FiLE
ARA File No.: §Z/D40 7. DAT
Ground El.
/— Type of Protective Cover/Lock
El. Datum <— Depth of Top of Roadway Box below
Ground Surface R {
s 77T\ []| crmsonpan " FPe oo . XD
Comments: l4— Type of Protective Casing:
Length —t
Inside Diameter —_—in
. & Depth of Bottom of Roadway Box —_—ft
: V' Seals:
: : Type Depth to Thickness
' ' Top (ft) (ft)
.
L1 i '
B
] 1
] ]
E *:—‘" Type of Riser Pipe: Schd 80 PVC, Timco
I Inside Diameter of Riser Pipe 1.93
5 E Type of Backfill around Riser
: r<— Diameter of Largest CPT Expander A ._ZLSL_JH
: '
] 3 '
-x- ! fg<— Depth of Top of Wellpoint —_
‘ : Type of Point or Manufacturer: Schd 80 PVC, Timco
]
! ! Screen Gauge or Size of Openings _‘Lo_z__i"
1 [ )
L2 : : Diameter of Wellpoint 2.375 in
1 ]
N B
] 1
t ]
. A . : Depth of Bottom of Wellpoint Mﬁ
L3 i Trap Yrs, 174 T J79S BT
T fee- :4— Depth of Bottom of Borehoie _2.3_/ f 4 —
=
(Depths refer to ground surface) / 715 Bos
Tip Material: O Steel [ Stainless Steel Zfﬁylon T Other:
0.9 o+ 4M o+ | ft = 17.3 ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment
City/State: _Hanscom AFB, Bedford, MA
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA

Crew Chief:  SEAMN DATmaeA PATeErnApE

Observation Well: DPW-0wWi-(

CPTID: CFi- owl-6

Installation Date: {2.{ 2 '96

Location: 5 1€ 2 RAIRFIELD

ARA File No.:

Ground El.
/— Type of Protective Cover/Lock
ElL Datum <— Depth of Top of Roadway Box below
Ground Surface _—
T Depth of Top of Riser Pipe below
1IN SN A Ground Surface ft Y. 3
Comments: — Type of Protective Casing:
Length —ft
Inside Diameter P
X 3 % Depth of Bottom of Roadway Box -
, 1 Seals:
: : Type Depth to Thickness
' t Top (ft) (ft)
B
1 1
L1 ! !
. '
1
1
1
1 1
1 '
1
: " Type of Riser Pipe: Schd 80 PVC, Timco
I
i . Inside Diameter of Riser Pipe _1_-9i_in
1 B
: E Type of Backfill around Riser
1
voEH .
i Eil re— Diameter of Largest CPT Expander _z_ég__in
VEd
1 1
1 ] -
—X— : : Depth of Top of Wellpoint &g’_ft
1 1
X " Type of Point or Manufacturer: Schd 80 PVC, Timco
1 ]
' ! Screen Gauge or Size of Openings ._0_'_2.2_0___"1
' ) '
L2 : : Diameter of Wellpoint 2.375 in
. N
¥ 1
' Ll
1 1
1 [} Eo)
X . . Depth of Bottomn of Wellpoint _L_O_’Eh
5 t
L3 ! ~— Silt Trap \/es I m -
+ 2 Z33 , CPT
1 & = - - t¢— Depth of Bottom of Borehole el AN
(Depths refer to ground surface)
Tip Material: O Steel T Stainless Steel E{\Iylon [ Other:
-
[R.859 & + (Zm) g -« [ #8 = 23.43 ft

Riser length (L1)

-7,

Screen iength (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment

City/State: _Hanscom AFB, Bedford, MA

Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA
[t
Crew Chief __Soel [Sons7” / SHAD HA =7 0=

Observation Well: / ZWZ o2
CPTID: _pDP)-Awz-ZZ
p3-FEG-97F
Location: =, 7= 2l

ARA File No.: £o7 - So3FF02.DF

Installation Date:

Ground EL

/— Type of Protective Cover/Lock
El. Datum Depth of Top of Roadway Box below
~ Ground Surface ft
< Depth of Top of Riser Pipe below
V72774 VZZ/2 /7 Ground Surface &
Comments: le— Type of Protective Casing:
Length ft
Inside Diameter in
. e Depth of Bottom of Roadway Box I
bl Seals:
: : Type Depth to Thickness
1 1 Top (ft) (f)
1
: :
1 1
Lo
] 1
] 1
] ]
] 1
1 )
i 3 1
:d
X ) <':"— Type of Riser Pipe: Schd 80 PVC, Timco
1 K
L Inside Diamneter of Riser Pipe 193 i
] !
: E Type of Backfill around Riser
1
b 1
: : :4— Diameter of Largest CPT Expander 2.50 in
I
] ]
1 ) —
Y ! |gle— Depth of Top of Wellpoint .56 .
) ] N
: —— Type of Point or Manufacturer. Schd 80 PVC, Timco
] 1
: : Screén Gauge or Size of Openings _(LQ_Z_O_;,,
] ]
2 . Diameter of Wellpoint 2375,
N B
I ]
1 )
] 1)
1 1
X +— Depth of Bottom of Welipoint ﬁiQ_ﬁ
L3 1] ]
' —— Silt Trap
3
K L. Depthg MY ZhSO 1
(Depths refer to ground surface)
Tip Material: Steel Stainless Steel Other:
4 /
Q56 f + .84 ft o+ Lo o= /.90 ft

Riser length (L1)

Screen length (L2)

Length of silt trap (L3)

Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment Observation Well: _/2-2O
City/State: _Hanscom AFB, Bedford, MA : : CPTID: PRS- 2-20
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: _o©3-Fez -9F
Crew Chiet __ Soel BorT [/ Stiawy BTenpso= Location: ___<,7=_Z/

ARA File No.: (P7 - SO/ FOFDH

Ground El.

/— Type of Protective Cover/Lock
El. Datum «— Depth of Top of Roadway Box below
Ground Surface - &
<« Depth of Top of Riser Pipe below
V7224 SIS A Ground Surface ft
Comments: ] : l€— Type of Protective Casing:
: Length SRS
Inside Diameter SN
, IL— Depth of Bottom of Roadway Box I |
VEt Seals:
: : Type Depth to Thickness
1 i Top (ft) (ft)
)
AT e »
! l
L1 ! !
I 1
3 ; 1
R
v OB
' ;B |
o 3 |
E <1I~'— Type of Riser Pipe: Schd 80 PVC, Timco
! l v inside Diameter of Riser Pipe 193
1 1
' E Type of Backfill around Riser
' .
R
! | re— Diameter of Largest CPT Expander 2.50
'
'
'
n
x> Depth of Top of Wellpoint _Z’_L/_ﬁ
! . .
. Type of Point or Manufacturer: Schd 80 PVC, Timco
, ‘ .
' Screen Gauge or Size of Openings Mim
]
L2 : Diameter of Wellpoint 2.375 in
t
!
!
:
1 —
' Depth of Bottom of Wellpoint Mh
]
L3 ' Silt Trap
& L Depthof CPT or DMY [2-00 ¢
(Depths refer to ground surface)
Tip Material: Steel Stainless Steel Other:
Z4 ft + .84 ft o+ = ft = | F 25 ft

Riser length (L1) Screen length (L2) Length of silt trap (L3) Total iength




CPT WELL INSTALLATION REPORT

Project. _5518 Direct Push Monitoring Point Assessment Observation Well: _/IwW Z -/ 7
City/State: _Hanscom AFB, Bedford, MA ' : CPTID: PP -Awz- 17

Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: _~2-FE2-97
Crew Chief ___ ol &n2sT 7/ <ppond Fader copE. Location: S/ 7= Z/
ARA File No.: 227 S03FFllo . DAT

Ground EL
/— Type of Protective Cover/Lock
El. Datum «— Depth of Top of Roadway Box below
Ground Surface —_—t
N Depth of Top of Riser Pipe below
FIINTT P2/ ] Ground Surface ft
Comments: - || te— Type of Protective Casing:
Length —_—_t
Inside Diameter S
X ' ¢ Depth of Bottom of Roadway Box S
! i Seals:
: : Type Depth to Thickness
| ' Top (ft) ()
Vo
] H )
L1 ! !
] ]
] ]
] 1
1 ]
] 1
[ 5 B
. ]
: <'|r— Type of Riser Pipe: Schd 80 PVC, Timco
LI o .
! , Inside Diameter of Riser Pipe 1.93 «
] 1
: . : Type of Backfill around Riser
1 ] °
! 3 : '
v b re— Diameter of Largest CPT Expander _2:_5_0__in
e
1 ]
1 ]
-X— ' : Depth of Top of Wellpoint .&ﬁ
1 ]
X +— Type of Point or Manutacturer: Schd 80 PVC, Timco
1 )
' : Screen Gauge or Size of Openings Mm
1 t
L2 : : Diameter of Welipoint ﬂ in
. K
t 1
1 1
1 ]
] 1
N . Depth of Bottom of Welipoint /9. 10+
L3 N '
: +— Silt Trap
]
T - ¢— Depth of CPT or DMY Z0.20n

(Depths refer to ground surface)

Tip Material: Steel Stainless Steel @ Other:

AP ft o+ o &4 ft  + o ft = /9.1O ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment Observation Well: 7y Z -4
City/State: _Hanscom AFB, Bedford, MA _ CPTID: _pwpP-/lz-4
Client: _Armstrong Laboratories, Tyndall AFB, AL/IEQA Installation Date; % -Fe’-57
Crew Chief: __ Do=l <opsT. / Sitword Padewpoos Location: <, 7= 2
7 v .
ARA File No.: _£P7. So4 £ 70Z. DAT
Ground El.
/—— Type of Protective Cover/Lock
El. Datum «— Depth of Top of Roadway Box below
. Ground Surface -_
<« Depth of Top of Riser Pipe beiow
V72774 SN A ‘ Ground Surface 7
Comments: i i e— Type of Protective Casing:
Length ——
Inside Diameter ' —in
X -~ Depth of Bottom of Roadway Box —
! ,  Seals:
: : Type Depthto  Thickness
I ' Top (ft) ()
.
H L
Ly
1 t
] ]
] 1
]
: : -
' 4:— Type of Riser Pipe: Schd 80 PVC, Timco
vk
' : inside Diameter of Riser Pipe l&_in
] ]
1 S Type of Backfill around Riser
: .
1 41
. r«— Diameter of Largest CPT Expander E_o_in
e
]
]
X Depth of Top of Wellpoint Bl s
]
. — Type of Point or Manufacturer: Schd 80 PVC, Timco
, .
! Screen Gauge or Size of Openings M“‘
‘
1
1
1
t
1
1
1
1
"
i
1
]

L2 Diameter of Wellpoint 2.375 in
Depth of Bottom of Welipoint _/&‘Q_D.ﬂ

L3 Siit Trap

& L. _ie— Deptnof CPT or DMY L% 90+

(Depths refer to ground surface)

Tip Material: Steel Stainless Steel @ Other:

8BJ/b ft o+ 9.84. o+ - ft = /B.00 ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project. _5518 Direct Push Monitoring Point Assessment________ Observation Well: oz -24
City/State: _Hanscom AFB, Bedford, MA _ CPTID: puP-Awz-24
Client: _Armstrong Laboratories, Tyndall AFB,AL/JEQA____ Installation Date: _%/-F&3 - 97
Crew Chief: ol Rorsl / SH pun) 4 IO Location: __ Sz 21
/4
ARA File No.: Co7 -7 DAT
Ground El.
/— Type of Protective Cover/Lock
El. Datum <«— Depth of Top of Roadway Box below
Ground Surface —tt
Depth of Top of Riser Pipe below
V72774 IS A Ground Surface f
Comments: - ) le— Type of Protective Casing:
‘ Length I
inside Diameter ‘ - in
: ;4-— Depth of Bottom of Roadway Box —t
! 1 Seals:
: : Type Depth to Thickness
1 1 Top (f) {ft)
: '
Lo
1 1
1 1
1 1
1 ]
i 3
] 1
LI i B
. - !
E 4:-— Type of Riser Pipe: Schd 80 PVC, Timco
: : : inside Diameter of Riser Pipe _Ls_?____in
) )
' E Type of Backfill around Riser
¥
] 1
: - :4—- Diameter of Largest CPT Expander &in
R
t )
1 !
X 1 Depth of Top of Wellpoint I,
1 1
) — Type of Point or Manufacturer: Schd 80 PVC, Timco
] ] b
: : Screen Gauge or Size of Openings Mfﬂ
1 1
L2 : : Diameter of Welipoint 2.375 in
N B
1] 1
] 1
1 1
] ]
' +— Depth of Bottom of Wellpoint O ¢
] ]
L3 ' — Siit Trap
F L C_le— Depthof CPT or DMY Z.Lk
(Depths refer to ground surface)
Tip Material: Steel Stainless Steel Nylon Other:
ft + 4 ft + ft = ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length

¥ Tas Ol wis Broksro (2 /44 St




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment Observation Well: __ /<K =39
City/State: _Hanscom AFB, Bedford, MA : CPTID: _DunP-R-35
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: __—>4-FERS-FF
Crew Chief: ool Bop<T [/ Srewr) (278005 Location: __ S/7& ZI
4
ARAFile No.: Cr7. Sa4EZ11. DAT
Ground El.
/— Type of Protective Cover/Lock
El. Datum <«— Depth of Top of Roadway Box below
Ground Surface ft
“« Depth of Top of Riser Pipe below
V/Z2 74 AN/ A - Ground Surface f
Comments: | | |« Type of Protective Casing:
. Length —t
Inside Diameter ' _in
: - Depth of Bottom of Roadway Box ft
V1Y) Seals:
' ! Type Depthto  Thickness
1 s Top (R) (ft)
i
] 1
L1 ! '
1 ]
1 ]
1 [}
1 ]
1 ]
1 q
=
X 2 <1|-—- Type of Riser Pipe: Schd 80 PVC, Timco
[
' Eg inside Diameter of Riser Pipe 1.93
t t
' : Type of Backfill around Riser
] 1] .
ER
+ ||| re— Diameter of Largest CPT Expander 250
:
1
]
-—}{- , Depth of Top of Wellpoint _ﬁl__ﬂ
1 .
X Type of Point or Manufacturer. Schd 80 PVC, Timco
1
: Screen Gauge or Size of Openings Min
1
L2 Diameter of Wellpoint 2375
:
'
1
1 —
: Depth of Bottom of Wellpoint _ﬂLﬁ
)
L3 , Silt Trap
F L. -\ Depthof CPT or DMY Zl.eos
(Depths refer to ground surface)
Tip Material: Steel (Stainless Steel "Nylon Other:
%9l o+ o.84. oo+ =" ft = JZFS ft

Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Project: _5518 Direct Push Monitoring Point Assessment Observation Well: __ K-39
City/State: _Hanscom AFB, Bedford, MA , CPTID: _D\P= R-=29
Client: _Armstrong Laboratories, Tyndall AFB, AL/EQA Installation Date: _p4/-/~=3-97
Crew Chief __ So=l Beps? / SHED FriErr oD Location: __ S, 7= =/
ARAFile No.: CpT S5O4E %10
Ground EL
X /—— Type of Protective Cover/Lock
El. Datum «— Depth of Top of Roadway Box below
Ground Surface -1
< Depth of Top of Riser Pipe below
7775577 N7 K ‘ Ground Surface "
Commenis: | | [ Type of Protective Casing:
Length R |
Inside Diameter —_— in
Cr 1« Depth of Bottom of Roadway Box —_—
' | Seals:
! : Type Depthto  Thickness
) 1 Top (ft) (ft)
e
T
L1 1
] 1
1 ]
] ]
1 |
] 1
N
#H
i 4:—— Type of Riser Pipe: Schd 80 PVC, Timco
v B
¥ inside Diameter of Riser Pipe _"Lin
1 1
VL E Type of Backfill around Riser
' - .
LI o
VF r&— Diameter of Largest CPT Expander _2;§Q__an
L
]
i
—]E— ' Depth of Top of Wellpoint 21T
H
' Type of Point or Manufacturer: Schd .80 PVC, Timco
]
! Screen Gauge or Size of Openings Min
1}
L2 : Diameter of Wellpoint 2.375 in
'
1
!
1
1
' Depth of Bottom of Welipoint /7 ft
L3 ' .
. Sitt Trap
F L ie—Depthof CPTor MY Zo:boen
(Depths refer to ground surface)
Tip Material: Steel inless Steel Nylon Other:
-
8.12. o+ %.84 o+ e f = /1 7Z9b ft

Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length




CPT WELL INSTALLATION REPORT

Observation Well: DPw- MwZ -\\

Project: _ 5518 Direct Push Monitoring Point Assessment

City/State: _ Hanscom AFB Bedford, MA

CPTID: CPT: mwz (!

Client: _Armstrong Laboratories, Tyndail AFB, AL/EQA

Instaliation Date: _2-1-97

Crew Chief: ___ JoEL RorRsT Location: _SITE 21
ARA File No.:. 5o/ F 707 . DAT
Ground El.
Tvpe of Protective Cover/Lock
El. Datum e
< Dapth of Top of Roadway Box below
Ground Surface #
Depth of Top of Riser Pipe below
V7L LI/ A Ground Surface —
Com ménts: a— Type of Protsctive Casing:
Langth ——t
Inside Diameter . e 1}
. € Depth of Bottom of Roadway Box —_—ft
! i Seals:
: : Type Depth to Thickness
1 ] Too (ft) (1)
: "
t 1
L
1 1
1} t
] o ]
] B ]
] [}
. = BN
\ E3e— Type of Riser Pipe:  Schedule 80 PVC, Timco
1 1
! : inside Diameter of Riser Pipe 1913
1 1
]
E : Type of Backfil around Riser
1 ]
: 'N—- Diameter of Largest CPT Expander _ZLLin
iR
1 1]
y ! :
¥ | [ Depth of Top of Wellpoint R
: | i . .
' ——Type of Point or Manufacturer: ~ Schedule 80 PVC, Timco
] [}
' ! Screen Gauge o Size of Openings 0,020 in
] ]
L2 : i Diameter of Waellpoint _2£Z5_in
]
N K
1 )
] 1}
! : © Sseure
X +—— Depth of Bottom of Weloint _L.q'_gﬁ_n 197 6:;,7‘ ot
L '
: —SitTrap N¢
]
T C e h— Depth of Bottom of Borehole CPT 0.89 ft
{Depths refer to ground surface)
Tip Material: Steel (Stainless Stee]) Nylon Other:_
o+ 3(m) & @) f = ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length '

File:1:\5518\docs\WorkPlan\wellinst.doc
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CPT WELL INSTALLATION REPORT

Project: _ 5518 Direct Push Monitoring Point Assessment Observation Well: DPw -mwz -6
City/State: _ Hanscom AFB Bedford, MA CPT ID: CPT- Mz -G
Client: _Armstrong Laboratories, Tyndall AFB, ALUEQA ' Installation Date: _2 -1-97

Crew Chief: J0EL BoRST Location: s:TE 2\

ARA File No: 5o! F 702 .DAT

Ground El.
Tvpe of Protective Cover/Lock
El. Datum /_
. <— Depth of Top of Roadway Box below
Ground Surface ——ft
T* Depth of Tep of Riser Pipe below
IIENY TN A 2K Ground Surface —_
Comments: 4— Type of Protective Casing:
Length SUSIR——
Inside Diameter . ——ifl
, = Depth of Bottom of Roadway Box et
' ,  Seals:
: : Type Depth to Thickness
) ' Too (1) [}
' ‘
$ ]
Lt
[} 1
1 1
] 1
: '
) t
[ 3 ]
3 t
i < Type of Riser Pie:  Schedule 80 PVC, Timco
I
! H inside Diameter of Riser Pipe _1.913 ,
1 ]
] ]
' : Tvpe of Backfil around Riser
1 1
' :1— Diameter of Largest CPT Expander _ZgLin
v B
] '
y ! !
= | [ Depthof Top of Wellpoint S
] 1 -
1 Jle——Type of Point or Manufacturer:  Schedule 80 PVC, Timco
t ]
! ' Screen Gauge or Size of Openings  —0.020 i
] ]
L2 ' E Diameter of Wellpoint _.Z-QZiin
1
N
] 1
] 1 .
1 [}
B S —— Depth of Bottom of Welpoint _18s ., 18% ‘:""" i .
t ] 2T oM
L3 ' +—SiltTrap NO©
1 1 203
T & = - - k& Depth of Bottom of Borehole CPT Il
{Depths refer to ground surface)
Tip Material: Steel Nylon Other_______
' ft o+ 3(m) & -« o ft = ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length '

File:I:\551 8\docs\Wod;Plan\wellinst.doc
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CPT WELL INSTALLATION REPORT

Project: _ 5518 Direct Push Monitoring Point Assessment Observation Well: _DPT-mwe-/2

City/State: _ Hanscom AFB Bedford, MA CPT ID: CPT-MwWE 12
Client: _Armstrong Laboratories, Tyndall AFB, ALJEQA Installation Date: _ (- 3/-27

Crew Chief: ___SoOEL BoRST Location: __S/7& 21/

ARA File No.: 5319 7/8,DAT

Ground El
Tvpe of Protective Cover/Lock
El. Datum /_
< Dapth of Top of Roadway Box below
Ground Surface ———h
Depth of Top of Riser Pipe below
NS TN A Ground Surface f
Com ménts: l— Type of Protective Casing:
Length R {
i Inside Diameter R —in
. : & Depth of Bottom of Roadway Box ——t
V110 seas:
VEL Type Deohto  Thickness
[ ! Too (tt) {t
o b4
[ 52
L1 Nt
¢ Fq
1 ]
v
i Edq
[ 1
: — Type of Riser Pips: Schedule 80 PVC, Timco
1 i
N = B inside Diameter of Riser Pipe _1.913 ,,
] 1
1
E : Type of Backfitl around Riser _
' 11
: 3 :4—- Diameter of Largest CPT Expander __Z.LJn
q 1
, '
i 1
1 1
X ! i— Depth of Top of Welipoint S—
i 1 . .
i Jle—Type of Point or Manutacturer:  Schedule 80 PVC, Timco
] 1
! ' Screen Gauge or Size of Openings  —0.020 in
] 1
L2 . i Diameter of Wellpoint _Zl.aZi_in
]
N K
1 ]
] 1
3 1
X ! +— Depth of Bottom of Welpoint _20:2 4 195 wmusmy
La ] 1
! —— Sit Trap N0
1 ]
T L - - - \— Depth of Bottom of Borehole - PT _.Z.u_ﬂ
(Depths refer to qround surface)
Tip Material:  Steel Nylon Other: .
t o+ 207) & . o = ft
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length

File:I:\5518\docs\WorkPlan\wellinst.doc
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WELL DEVELOPMENT LOG

%

PROJECT: 5518 SITE: WELL ID: DATE: 0z/72 /97
Monitoring Point Assess. |Hanscom AFB RBi1oz-21w
WELL DEPTH: WATER LEVEL: WEATHER INFORMATION:
JRZR RS  |5.39-.22 = 2 88| ovErcisTR  AD E0'S
METHOD & EQUIPMENT: Aardvark Well Development Tool, Purge Pump
SURGING TIME PUMPING TIME VOLUME BAILED DURING SURGING:
BEGIN: og:50 BEGIN: ©8.50
END: END: —
MEASUREMENTS OBSERVATIONS
TIME TEMPERATURE pH ggﬁCD TURBIDITY | CLARITY COLOR ODOR | PARTICULATES
To: o:20 %ol 42. 87 | 508 |n.o02 | /770 D\ 7 o S
27100 57, 87 5.08 lo.oz2 )22 |/
Fezo | 4797 | 500 lo. a2 | 12600 2
IZ. 40 2. 94 Sl 0n.02 | 8.0
S53-zo | Y¥ ¢F | 5.2 " 1262 % /¢ Brw
531Yo 9 6% |5 U5 '’ 1283, &
Sy 00 v, 69 |5 .8 " 1283 8
sv:z0 | Y4-70 | 5.5 g 178%. 9
012280 | we Yl | 5.~/ ! Yoz.30 U By
/300 42, 7% | 5.0F ' 38299
1220 2.7 |50 - <!.49
30 | H3 bR | S| ! 374.00
“TEND:

Information: 2 in = 617 mlfft, 4 in = 2470 mU/ft : Vole, = nr°h, Volsphere = 4/37r°

Comments: (7ur=> co/1/ale . 7+

PR

R

e Fe b TFST T fmT ool

DEvEleprex] €Coq" PELT RoNOIRC

Applied Research Associates, Inc
South Royalton, Vermon'
(802) 763-834%




%

WELL DEVELOPMENT LOG
PROJECT: 5518 SITE: WELL ID: DATE:
Monitoring Point Assess. |Hanscom AFB - B16Z-MY oz //Z / 9%
WELL DEPTH: , WATER LEVEL: WEATHER INFORMATION:
723 865 2.1 BGS Lo 305

METHOD & EQUIPMENT: Aardvark Well Development Tool, Purge Pump

SURGING TIME PUMPING TIME VOLUME BAILED DURING SURGING:
BEGIN: 8:50 BEGIN: 0856 Zoo Grl  (EsTirmaTed Fraom
END: END: GRADOATamS o2 TALE)
' MEASUREMENTS OBSERVATIONS
TIME TEMPERATURE pH SPEC. TURBIDITY | CLARITY | COLOR ODOR | PARTICULATES
COND.
To: ¢9:3b.YO
3700
3720
90
ERe:

Information: 2 in = 617 ml/ft, 4 in = 2470 ml/ft : Voley, = nr*h, Volspnere = 4/3nr°

Comments:

Applied Research Associates, Inc.

South Royalton, Vermont
(802) 763-8348




WELL DEVELOPMENT LOG
PROJECT: 5518 SITE: WELL ID: DATE:
Monitoring Point Assess. {Hanscom AFB f}o 2-Mw 02 // z /97
WELL DEPTH: WATER LEVEL: WEATHER INFORMATION: '
17223 B36S ZIG' 365 VERetsT  Jow> 39
METHOD & EQUIPMENT: Aardvark Well Development Tool, Purge Pump
SURGING TIME PUMPING TIME VOLUME BAILED DURING SURGING:
BEGIN: 8.§0O BEGIN: 8.8 ©
END: END:
MEASUREMENTS OBSERVATIONS
TIME TEMPERATURE pH SPEC. | TURBIDITY| CLARITY | COLOR | ODOR | PARTICULATES
COND.
To:/1z:04:00 48y | 9¢z | o3 | ¥23
( os:00 456 | 4 g3 | 0.3 ) TEC
12:25 0o Ye86.90
)2:26:00 6,90
END:

Information: 2 in = 617 mUft, 4 in = 2470 mUft : Vol = nr’h, Volgnere = 4/3mr°

Comments:

Applied Research Associates, Inc.

South Royalton, Vermont
(802) 763-8348




WELL DEVELOPMENT LOG

[ 3

PROJECT: 5518 SITE: WELL ID: DATE:

Monitoring Point Assess. |Hanscom AFB 324/ 02//3/9;2

WELL DEPTH: WATER LEVEL: WEATHER INFORMATION: biirp Clone =5
e CHART 474" For 75 Po’piC CAD, cotb,Col D

METHOD & EQUIPMENT: Aardvark Well Development Tool, Purge Pump

SURGING TIME PUMPING TIME VOLUME BAILED DURING SURGING:
BEGIN: 0840 BEGIN: 0§40
END: END:
MEASUREMENTS OBSERVATIONS
TIME TEMPERATURE pH gggg. TURBIDITY | CLARITY | COLOR | ODOR | PARTICULATES
5 [To:08:56 49,17 .13 10,00 |784.7
:3 08,57 40,29 599 (0.0 9488
s | 09:% 40.17 594 |00t 1)o4l¢
131 0%:07 40.2/ 578 looz 1%902.0
s 109173 37,43 5.98 1003 1930.1
3| 094 39,63 .85 |0.03 |81).8
/3] 09: 7% 3648 .05 |60 15487
1t 0913 36,70 587 ooz 4634
12 [ 093] 36,79 .67 o0 V29
T | 09:32 36.9¢ LY, 1004 19597
) 09:31 __|35./2 657 004 |940.0
0938|3527 b-H7 1004 |g1NT
END:

Information: 2 in = 617 mUft, 4 in = 2470 mV/ft : Voley, = nr°h, Volspnere = 4/3nr°

Comments:

Applied Research Associates, Inc.

South Royalton, Vermont
(802) 763-8348




WELL DEVE

LOPMENT LOG

Lo 3

PROJECT: 5518
Monitoring Point Assess.

SITE:
Hanscom AFB

WELL ID:

D24

DATE:

02/ 12/

WELL DEPTH:
SEE Chp®™

WATER LEVEL:
4.1 g Toe oF SVC

WEATHER INFORMATION:

CotD D (o) Winp CRILU=E)

METHOD & EQUIPMENT: Aardvark Well Deveiopment Tool, Purge Pump

SURGING TIME PUMPING TIME VOLUME BAILED DURING SURGING:
BEGIN: O$/D BEGIN: O/ O
END: END:
MEASUREMENTS OBSERVATIONS
TIME TEMPERATURE pH ggﬁg TURBIDITY | CLARITY COLOR ODOR | PARTICULATES
e (To: 095y 2268 6.9 | 009 |7 1990
1 T P00 | 39.99 6,/ | .07 2.)>
oL Lo /4 4/.48 6,32 | oo |3097
A | qp)S 14958 16U |p.or |288.0
AN 46,067 .63 10,03 [835)
/3 1:19 NS (.35 |0.03 |563.0
PRy, 4536 |6.Yl |p.63 |S0¥.8”
0 1t 4o )3 677 10.03 |453.8
? )) 13 44, 0D .27 10,05 0467
13 ) : 32 43,98 .02 | 0.05 6570
. T 43.5L Lyd | 003 |320.4
S NS 43.9% b.rd 10,03 |254.5
END:

/= L -
Comments: 9“7 TAD LwNTE-

Information: 2 in = 617 ml/ft, 4 in = 2470 mft : Vole, = nr°h, Volsgnere = 4/3nr

Applied Research Associates, Inc.

South Royalton, Vermont
(802) 763-8348




WELL DEVELOPMENT LOG

Jsb =

PROJECT: 5518 SITE: WELL ID: DATE:
Monitoring Point Assess. |Hanscom AFB 8241 07 / /3 / (?r)
WELL DEPTH: _- WATER LEVEL: WEATHER INFORMATION:
ScE CRAT YW pran TP of SV~ | CoLd
METHOD & EQUIPMENT: Aardvark Well Development Tool, Purge Pump
SURGING TIME PUMPII:)G TIME VOLUME BAILED DURING SURGING:
BEGIN: | BEGIN: o¥4 0
END: O30 END: 50 ol (BTeptee)
MEASUREMENTS OBSERVATIONS
TIME TEMPERATURE pH SPE% TURBIDITY | CLARITY COLOR ODOR | PARTICULATES
COND.
\’5/ To: 14 4395 | 647 1 0.02 26,9
M 11 y7 JJ.Sb 16,30 0.0t | #50%257
3 IS 4123 1629 [oo04 |3737
-t 11: 5% Jz.4s [ (.20 |o.04 325
P e 4238 |41 l0.0t |295f
9 2% 93 43,50 .35 |00t 1149.9
y 10w 3700 [ 64D 0.00 3831
24 11107 Ho.2T | 6.2* j0.0] |351.8
37’ [2:15 39.128 (.31 0.0  |)ya.2
T 1Z: 1% 7905 | .24 | 0.0l [112. 6
END:

information: 2 in = 617 mI/ft, 4 in = 2470 MUt : Voly, = 1r°h, Volspnere = 4/31°

Comments:

'7'/5' - Mo HzO.

Applied Research Associates, Inc.
South Royalton, Vermont
(802) 763-8348




WELL DEVELOPMENT LOG

PROJECT: 5518 SITE: WELL ID: DATE:
Monitoring Point Assess. |Hanscom AFB Rapl-57< oz/iz/9t
WELL DEPTH: WATER LEVEL: WEATHER INFORMATION:

/0219 E.79 ColD

METHOD & EQUIPMENT: Aardvark Well Development Tool, Purge Pump

SURGING TIME
BEGIN: /730002

PUMPING TIME
BEGIN:; /4:00:0c

VOLUME BAILED DURING SURGING:

7 Gls

END: END: /4:/0:00
MEASUREMENTS OBSERVATIONS
TIME TEMPERATURE pH SPEC. TURBIDITY | CLARITY COLOR ODOR | PARTICULATES
‘ COND.
To .
END:

Information: 2 in = 617 mlft, 4 in = 2470 mlft : Voly, = nr*h, VOlspere = 4/37r

Comments:

ThRERE DS Mol gxvuvet He© 7o POHP.
SoRGED FER IS MM

A ———

Applied Research Associates, Inc.

South Royalton, Vermont
(802) 763-8348




WELL DEVELOPMENT LOG

PROJECT: 5518 SITE: WELL ID: DATE:
Monitoring Point Assess. {Hanscom AFB B-103-/4v OZ/ 3 /9 7
WELL DEPTH: WATER LEVEL: WEATHER INFORMATION:
7S.31 ¥ RES J4.3)° T5pSF PUC OAD, CLEAT 5 DDy
METHOD & EQUIPMENT: Aardvark Well Development Tool, Purge Pump
SURGING TIME PUMPING TIME VOLUME BAILED DURING SURGING:
BEGIN: /425 00 BEGIN: —
END: END: — T
MEASUREMENTS OBSERVATIONS
TIME TEMPERATURE pH SPEC. | TURBIDITY | CLARITY | COLOR | ODOR |PARTICULATES
COND.

To :
END:

Information: 2 in = 617 mU/ft, 4 in = 2470 MUt : Voley = °h, VOlspnere = 4/3nr

Comments: OpL7 158 oF HzO/,/J Fopoah 7o Pom 2
SorbE FISHy,

Applied Research Associates, Inc.
South Royalton, Vermont
(802) 763-8348




WELL DEVELOPMENT LOG

PROJECT: 5518 SITE: WELL ID: DATE:
Monitoring Point Assess. |Hanscom AFB R-/09-MHu oz /0/3/9 7
WELL DEPTH: WATER LEVEL: WEATHER INFORMATION:

E. 74 £ B&S

g8z’ 7aroF AIC

ColD, CLeal w LRy

METHOD & EQUIPMENT: Aardvark Well Development Tool, Purge Pump

SURGING TIME PUMPING TIME VOLUME BAILED DURING SURGING:
BEGIN: o BEGIN: _——
END: END:
MEASUREMENTS OBSERVATIONS
TIME TEMPERATURE pH SPEC. TURBIDITY | CLARITY COLOR ODOR | PARTICULATES
' COND.

To :
END:

Information: 2 in = 617 mU/ft, 4 in = 2470 mft : Voley, = nr°h, Volsphere = 4/37r°

'Comments: DonT SokGE Ell Dos T LAck oF Moo

Applied Research Associates, Inc.
South Royalton, Vermont
(802) 763-8348




WELL DEVELOPMENT LOG

PROJECT: 5518 SITE: WELL ID: DATE:
Monitoring Point Assess. |Hanscom AFB frer-4s oz /4/97
WELL DEPTH: WATER LEVEL: WEATHER INFORMATION:
/463 LE 2.3/ TeroF PUC oveeeas? . LD | SMopyNt
METHOD & EQUIPMENT: Aardvark Well Development Tool, Purge Pump
SURGING TIME PUMPING TIME VOLUME BAILED DURING SURGING: 120/
BEGIN: €825 BEGIN: ©8:25
END: /0: 30O END: £9:/5~
MEASUREMENTS OBSERVATIONS
TIME TEMPERATURE pH (s;gﬁg. TURBIDITY | CLARITY | COLOR | ODOR |PARTICULATES
15 |To: 0331 y4.35 | 1T 0.9 /2840
|3 08:40 44, 40 7.20 | p.0/ }1273.1
iy 0Y.s0 38.3% 7.34 1 0,0b |1170.3
13 oS 390 [ 2,27 |0.07 |19
2. 0909 Y831 7.30 10.07 /29,5
~1__09:40 390 |18 10.07 ljoah4
v 09:7) 3293 |7m.2) [0.00 11¢70.0
9l owzz [ 3774 |05 |00 12677
G \
Z
END:

information: 2 in = 617 ml/ft, 4 in = 2470 ml/ft : Voly, = nrh, Volsphere = 4/3nr*

Comments: -
Tor THE FirsT TER MuiTES Te pho whs Viepy SUTy,

(B 08: 55 e Drorloprst” Tic2 Up T, VeryLTTE
Hzo Cortide V-
@ 0918 SToesep R/MP'J(’)/ FLUSH S*l:;,-'g"?'g/v» Foa SEmpLE

——

05T Jureg) Pk JNU/

Applied Research Associates, Inc.
South Royalton, Vermont
(802) 763-8348




WELL DEVELOPMENT LOG

PROJECT: 5518 SITE: WELL ID: DATE:
Monitoring Point Assess, |Hanscom AFB owe- 2 z/13]97F
WELL DEPTH: WATER LEVEL: &.357,,|WEATHER INFORMATION:

23.39 265 | 203" meorpic Doy, Cool
METHOD & EQUIPMENT: Aardvark Well Development Tool, Purge Pump

SURGING TIME PUMPING TIME VOLUME BAILED DURING SURGING:
BEGIN: BEGIN:
END: END:
MEASUREMENTS OBSERVATIONS
TIME TEMPERATURE pH ggﬁ% TURBIDITY | CLARITY COLOR ODOR | PARTICULATES
2, To: g zesioo 41,12 707 a./o: 1274. &
AE | iZFoo | 4085 2/9 e |/274, 2~
8y lTm: s9:00 Z7 (o3 230 |alf  |126b.F
| 3500 3735 2.36 |all 10720
2)/06 T Yo 24.59) 2 35 D.z0 | 15257
AHZr0c 2é.51 7o D20 175 .S
/57 7 